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APPARATUS FOR RADIALLY EXPANDING AND PLASTICALLY DEFORMING A 

TUBULAR MEMBER 
Cross Reference To Related Applications 
10001] The present application claims the benefit of the filing date of U.S. provisional 
patent application serial no. 60/463.586. attorney docket no. 25791.277. filed on April 17. 
2003, the disclosure of which is incorporated herein by reference. 

[0002] The present application is related to the following: (1) POT patent application 
serial number PCT/US02/36157. attorney docket number 25791.87.02. filed on 11/12/2002. 
(2) POT patent application serial number PCT/US02/36267. attorney docket number 
25791.88.02. filed on 11/12/2002. (3) POT patent application serial number 
PCT/US03/04837. attorney docket number 25791.95.02. filed on 2/29/2003. (4) POT patent 
application serial number PCT/US03/29859. attorney docket no. 25791.102.02. filed on 
9/22/2003. (5) POT patent application serial number PCT/US03/14153. attorney docket 
number 25791.104.02. filed on 11/13/2003. (6) PCT patent application serial number 
PCT/US03/18530. attorney docket number 25791.108.02. filed on 6/1 1/2003. (7) PCT patent 
application serial number PCT/US03/29858. attorney docket number 25791.112.02. (8) PCT 
patent application serial number PCT/US03/29460. attorney docket number 25791 114 02 
filed on 9/23/2003. filed on 9/22/2003. (9) PCT patent application serial numbed 
PCT/US04/07711. attorney docket number 25791 .253.02. filed on 3/11/2004. the disclosures 
of which are incorporated herein by reference. 

[00031 This application is related to the following co-pending applications: (1) U.S. 
Patent Number 6.497.289. which was filed as U.S. Patent Application serial no. 09/454 139 
attorney docket no. 25791.03.02. filed on 12/3/1999. which claims priority from provisional 
application 60/111.293. filed on 12/7/98. (2) U.S. patent application serial no. 09/510 913 
attorney docket no. 25791.7.02. filed on 2/23/2000. which claims priority from provisional 
application 60/121.702. filed on 2/25/99. (3) U.S. patent application serial no. 09/502 350 
attorney docket no. 25791.8.02. filed on 2/10/2000. which claims priority from provisional 
application 60/119.611. filed on 2/11/99. (4) U.S. patent no. 6.328.113. which was filed as 
U.S. Patent Application serial number 09/440.338. attorney docket number 25791.9.02. filed 
on 11/15/99. which claims priority from provisional application 60/108.558. filed on 11/16/98. 
(5) U.S. patent application serial no. 10/169.434. attorney docket no. 25791.10.04. filed on 
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7/1/02, which claims priority from provisional appncab'on 60/183,546, filed on 2/18/00. (6) 
U.S. patent application serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 
3/10/2000. which claims priority from provisional application 60/124,042, filed on 3/11/99, (7) 
U.S. patent numl)er 6,568.471. which was filed as patent application serial no. 09/512,895. 
attorney docket no. 25791.12.02. filed on 2^24/2000. which claims priority fiwn provisional' 
application 60/121.841. filed on 2/26/99, (8) U.S. patent number 6.575.240. which was filed 
as patent application serial no. 09/51 1 ,941 , attomey docket no. 25791.16.02, filed on 
2/24/2000, which claims priority from provisional application 60/121.907, filed on 2/26/99, (9) 
U.S. patent number 6,557.640, which was filed as patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02. filed on 6/7/2000. wrhich claims priority ftum provisional 
applkation 60/137,998. filed on 6/7/99. (10) U.S. patent application serial no. 09/981.916. 
attorney docket no. 25791.18, filed on 10/18/01 as a continuationnnijart application of U.S. 
patent no. 6.328,1 13. whteh was filed as U.S. Patent /\pplicatlon serial number 09/440.338. 
attomey docket number 25791.9.02, filed on 1 1/15/99. which claims priority ftx>m provisional 
application 60/108.558, filed on 11/16«8. (11) U.S. patent number 6.604,763, which was 
filed as applkation serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 
4/26/2000, whfeh claims priority firom provisional application 60/131.106. filed on 4/26/99. 
(12) U.S. patent application serial no. 10«)30.593, attomey docket no. 25791.25.08, filed on 
1/8/02, which claims priority from proviskMial application 60/146,203, filed on 7/29/99. (13) 
U.S. provisional patent application serial no. 60/143.039. attomey docket no. 25791.26. filed 
on 7/9«9. (14) U.S. patent applteation serial no. 10/111,982, attomey docket no. 
25791 .17.08, filed on 4/30«I2, which claims priority flwi provisional patent appflcation serial 
no. 60/162,671. attomey docket no. 25791.27. filed on 11/1/1999, (15) U.S. provisional 
patent application serial no. 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999. 
(16) U.S. provisional patent application serial no. 60/438,828. attomey docket no. 25791.31, 
filed on 1/9/03, (17) U.S. patent number 6.564.875. whteh was filed as applicatfen serial no.' 
09/679,907. attomey docket no. 25791.34.02, on 10/5/00, which claims priority from 
provisional patent application serial no. 60/159.082. attomey docket no. 25791.34, filed on 
10/12/1999. (18) U.S. patent application serial no. 10/089.419. filed on 3/27/02. attomey 
docket no. 25791.36.03. which claims priority fi^m provlsfonal patent application serial no. 
60/159.039. attomey docket no. 25791.36. filed on 10/12/1999. (19) U.S. patent application 
serial no. 09/679,906, filed on 10/5/00, attomey docket no. 25791.37.02, which claims 
priority fix)m provisional patent application serial no. 60/159.033, attomey docket no. 
25791.37. filed on 10/12/1999. (20) U.S. patent applkation serial no. 10/303.992. filed on 
11/22/02. attomey docket no. 25791.38.07. which claims priority from provisional patent 
application serial no. 60C12,359. attomey docket no. 25791.38. filed on 6/19/2000. (21) U.S. 
provisional patent application serial no. 60/165,228. attomey docket no. 25791.39, filed on 



11/12/1999, (22) U.S. provislonai patent appficafion seriaf no. 60/455.051, attorney docket 
no. 25791.40. fiied on 3/14A)3. ^23) PCT appHcation US02C477. filed on &2Gm2, attorney 
docket no. 25791.44.02. which daims priority from U.S. provisional patent application serial 
no. 60/303.71 1, attorney docket no. 25791.44. fiied on 7/6«)1, (24) U.S. patent applicatkm 
serial no. 10/311.412, filed on 12/12/02. attorney docket no. 25791.45.07. which claims 
priority from provisional patent applicatton serial no. 60/221,443. attomey docket no. 
25791.45. filed on 7/28/2000, (25) U.S. patent appHcation serial no. 10/, filed on 12/18A)2, 
attomey docket no. 25791.46.07. which claims priority from provisional patent applicatiori 
serial no. 60/221.645, attomey docket no. 25791.46. filed on 7/28/2000, (26) U.S. patent 
application serial no. 10/322.947. filed on 1/22/03, attomey docket no. 25791.47.03. which 
daims priority from provisional patent application serial no. 60/233.638. attomey docket no. 
25791.47. filed on 9/18^000. (27) U.S. patent application serial no. 10/406,648. filed on 
3/31/03. attomey dodcet no. 25791.48.06. whidi daims priority from provisional patent 
application serial no. 60/237,334, attomey dod<et no. 25791.48, filed on 10/2/2000. (28) PCT 
application US02/04353. filed on 2/14A)2. attorney dodcet no. 25791.60.02. whidi daims 
priority from U.S. provisional patent application serial no. 60/270.007. attomey dodcet no. 
25791.50. filed on 2C0C001. (29) U.S. patent application serial no. 10/465.835. filed on 
e/13m. attomey dodcet no. 25791.51.06. whidi daims priority from provisional patent 
applteabon serial no. 60/262,434, attomey dodcet no. 25791.51. filed on 1/17/2001. (30) U.S. 
patent appfication serial no. 10/465.831, filed on 6/13«e, attomey dodcet no. 25791.52.06, 
which daims priority from U.S. provistonal patent appficafion serial no. 60/259.486. attomey 
dodcet no. 25791.52, filed on 1/3^001. (31) U.S. provistonal patent applicatkm serial no. 
60/452.303. filed on 3/5A)3. attomey docket no. 25791.53, (32) U.S. patent numbw 
6,470,966, which was filed as patent application serial numlser 09/850,093, filed on 5/7/01, 
attomey dodcet no. 25791.55, as a divisional appfication of U.S. Patent Number 6.497.289. 
which was filed as U.S. Patent /Appfication serial no. 09/464.139, attomey docket no. 
25791.03.02, filed on 12/3/1999, whteh daims priority from provisional appfication 
60/1 1 1.293, filed on 12/7/98, (33) U.S. patent number 6.561,227, whidi was filed as patent 
application serial number 09/852,026 . filed on Smu, attomey dodcet no. 25791.56. as a 
divisional applfcation of U.S. Patent Number 6,497.289. whidi was fiied as U.S. Patent 
/Application serial no. 09/454.139. attomey dodcet no. 25791.03.02. filed on 12/3/1999, whteh 
daims priority from provisional application 60/111,293. filed on 12/7/98. (34) U.S. patent 
application serial number 09/852.027. filed on 5/9/01, attomey dodcet no. 25791.57, as a 
divisional application of U.S. Patent Number 6,497,289, which vras fiied as U.S. Patent 
Application serial no. 09/454.139. attomey dodcet no. 25791.03.02, filed on 12/3/1999. whteh 
daims priority from provisional application 60/1 1 1,293. filed on 12/7/98. (35) PCT /AppHcation 
US02/25608. attomey dodcet no. 25791.58.02, filed on 8/13/02. whidi daims priority from 



provisional application 60/318.021. filed on 8/7/01, attorney docket no. 25791.58, (36) PCT 

Applicaton US02/24399, attorney docket no. 25791.59.02. filed on 8/1/02, wWch claims 

priority from U.S. provisional patent application serial no. 60/313,453, attorney docket no. 

25791 .59, filed on 8/20/2001 . (37) PCT Application US02/29856, attorney docket no. 

25791.60.02, filed on 9/19/02, wliich claims priority from U.S. provisional patent application 

serial no. 60/326,886, attorney docket no. 25791.60, filed on 10/3/2001, (38) PCT 

Application US02/20256, attorney docket no. 25791.61.02, filed on 6/26/02, vvtiich claims 

priority from U.S. provisional patent application serial no. 60/303,740, attorney docket no. 

25791.61, filed on 7/6/2001, (39) U.S. patent appHcation serial no. 09/962.469, filed on 

9/25/01, attorney docket no. 25791.62, which Is a divisional of U.S. patent application serial 

no. 09/523,468, attorney docket no. 25791.1 1.02. filed on 3/10/2000, virhich claims priority 

from provisional application 60/124,042, filed on 3/11/99, (40) U.S. patent application serial 

no. 09/962,470, filed on 9/25/01, attorney docket no. 25791.63, vvhich is a divisional of U.S. 

patent appUcation serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 

3/10/2000, ¥i*>lch claims priority from proviBlonal applicatton 60/124,042, filed on 3/11/99, 

(41) U.S. patent appBcatnn serial no. 09/962.471. filed on 9/25/01. attorney docket no. 

25791.64, viWch Is a divisional of U.S. patent-application serial no. 09/523.468, attorney 

docket no- 25791.11.02, filed on 3/10/2000, whfch claims priority ftom provisional applicatton 

60/124.042, filed on 3/1 1/99, (42) U.S. patent appikatkm serial no. 09/962,467, filed on 

9/25/01, attorney docket no. 25791.65. which is a divistonal of U.S. patent applicatkm serial 

no. 09/523.468. attorney docket no. 25791 .11.02. filed on 3/10/2000. w/hich claims priority 

ftom provistonal applteation 60/124,042. filed on 3/1 1/99, (43) U.S. patent appHcatkm serial 

no. 09^62,468. filed on 9/25/D1. attorney docket no. 25791.66. which is a divisional of U.S. 

patent application serial no. 09/523.468. attorney docket no. 25791.1 1.02. filed on 

3/10/2000, virtiich claims priority from provisional application 60/124,042. lOed on 3/11/99, 

(44) PCT application US 02/25727, filed on 8/14/02, attorney docket no. 25791.67.03, which 

claims priority from U.S. provisional patent applicatfon serial no. 60/317,985, attorney docket 

no. 25791 .67, filed on 9/6/2001 , and U.S. provisional patent applicatfon serial no. 

60/318,386, attorney docket no. 25791.67.02, filed on 9/10/2001, (45) PCT application US 

02/39425, filed on 12/10/02, attorney docket no. 25791.68.02, which claims priority from 

U.S. provisional patent application serial no. 60/343,674 , attorney docket no. 25791.68, 

filed on 12/27/2001, (46) U.S. utility patent application serial no. 09/969.922. attorney docket 

no. 25791.69, filed on 10/3/2001, which is a continuaBon-lniJart application of U.S. patent 

no. 6,328,1 13, which was filed as U.S. Patent Application serial numl)er 09/440,338, 

attorney docket numl)er 25791.9.02, filed on 1 1/15/99, which claims priority from provisional 

applteation 60/108,558, filed on 11/16«8. (47) U.S. utility patent application serial no. 

10^16.467. attomey docket no. 25791.70, filed on 12/10/01, which Is a continuation 
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applicab'on of U.S. utility patent appflcation serial no. 09/969,922, attorney docket no. 

25791.69. filed on 10/3/2001 , which » a continuation-in-part application of U.S. patent no. 

6,328.113. which was filed as U.S. Patent Application serial numl)er 09/440,338. attorney 

docket number 25791.9.02. filed on 11/15/99. whidi claims priority from provisional 

appflcation 60/108.558, filed on 11/16/98. (48) PCT applfeation US 03/00609, filed on 1/9/03. 

attorney docket no. 25791.71.02, which daims priority fifom U.S. provistonal patent 

application serial no. 60/357,372 , attorney docket no. 25791.71. filed on 2/15/02, (49) U.S. 

patent application serial no. 10/074,703, attorney docket no. 25791.74, filed on 2/12/02. 

which is a divisional of U.S. patent numt>er 6,568,471 , vi/hich was filed as patent application 

serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, which daims 

priority from provisional application 60/121,841, filed on 2/26/99, (50) U.S. patent application 

serial no. 10/074.244, attorney docket no. 25791.75, filed on 2/12/02, which is a divisional of 

U.S. patent numlier 6,568,471, which was filed as patent applicatfon serial no. 09^12,895, 

attomey docket no. 25791.12.02, filed on 2/24/2000, which claims priority ftiom provisional 

applkation 60/121,841, filed on 2/26/99, (51) U.S. patent appncation serial no. 10/076,660, 

attomey docket no. 25791.76. filed on 2/15/02. which is a divisional of U.S. patent numtjer 

6,568,471. whfch was filed as patent application serial no. 09/512.895, attomey docket no. 

25791.12.02, filed on 2/24/2000. which daims priority firom provisional application 

60/121,841, filed on 2/26/99, (52) U.S. patent applicatton serial no. 10/076,661, attomey 

docket no. 25791.77. filed on 2/15/02, which is a divisional of U.S. patent number 

6.568,471 , which was filed as patent application serial no. 09/512,895. attomey docket no. 

25791.12.02. filed on 2/24/2000. whteh claims priority from pro>^ional application 

60/121.841, filed on 2/26/99, (53) U.S. patent appHcatton serial no. 10/076.659. attomey 

docket no. 25791.78. filed on 2/15/02. which is a divistonal of U.S. patent number 

6,568,471. which was filed as patent appTicatton serial no. 09/512,895. attomey doctet no. 

25791.12.02, filed on 2/24/2000. which daims priority from provisional application 

60/121.841, filed on 2/26/99. (54) U.S. patent applteation serial no. 10/078,928, attomey 

docket no. 25791.79, filed on 2/20/02, which is a divisional of U.S. patent number 

6,568,471, which was filed as patent application serial no. 09/512,895, attomey doctet no. 

25791.12.02, filed on 2/24/2000, which daims priority fix>m provisional application 

60/121,841. filed on 2/26/99. (55) U.S. patent application serial no. 10/078.922, attomey 

docket no. 25791.80, filed on 2/20/02, which is a divisional of U.S. patent number 

6.568,471, which was filed as patent application serial no. 09/512.895, attomey docket no. 

25791.12.02, filed on 2/24/2000, which daims priority flx>m provisional application 

60/121,841, filed on 2/26/99, (56) U.S. patent application serial no. 10/078,921, attomey 

docket no. 25791.81, filed on 2/20/02, whidi Is a divisional of U.S. patent number 

6,568,471, whk^ was filed as patent applicab'on serial no. 09/512,895, attomey docket no. 

5 



25791.12.02, filed on 2/24/2000. which claims priority from provisional application 

60/121,841. filed on 2/26/99, (57) U.S. patent application serial no. 10/261.928, attorney 

docket no. 25791.82. filed on 10/1/02, which is a divisional of U.S. patent numt)er 

6,557,640, which was filed as patent application serial no. 09/588,946, attorney docket no. 

25791.17.02, filed on 6/7/2000, whteh claims priority from provisional application 60/137.998. 

filed on 6/7/99, (58) U.S. patent application serial no. 10/079,276 , attorney docket no. 

25791.83, filed on 2/20/02, which is a divisional of U.S. patent numt)er 6,568.471, which was 

filed as patent application serial no. 09/512,895, atlomey docket no. 25791.12.02, filed on 

2/24/2000, which claims priority from provisional application 60/121,841, filed on 2/26/99, 

(59) U.S. patent application serial no. 10/262,009, atlomey docket no. 25791.84, filed on 

10/1/02, which is a divisional of U.S. patent number 6,557,640, which vi«s filed as patent 

application serial no. 09/588,946, atlomey docket no. 25791.17.02, filed on 6/7/2000, which 

claims priority from provisional application 60/137,998, filed on 6/7/99, (60) U.S. patent 

application serial no. 10/092,481 , atlomey docket no. 25791.85, filed on 3/7/02, which is a 

divisional of U.S. patent number 6,568.471. which was filed as patent application serial no. 

09/512,895. attorney docket no. 25791.12.02. filed on 2/24/2000. whfch claims priority from 

provisional applicatton 60/121.841, filed on 2/26/99. (61) U.S. patent appfication serial no. 

10/261,926. attorney docket no. 25791.86. filed on 10/1/02. which is a divisional of U.S. 

patent number 6,557.640, whteh was filed as patent applicatton serial no. 09/588,946. 

attorney docket no. 25791.17.02, filed on 6/7/2000. which claims priority from provisional 

appKcation 60/137,998, filed on 6/7/99, (62) PCX application US 02/36157, filed on 1 1/12/02, 

attorney docket no. 25791.87.02, which daims priority fipom U.S. provisional patent 

applteation serial no. 60/338.996. attorney doctet no. 25791.87, filed on 11/12/01, (63) PCT 

appHcation US 02/36267, filed on 1 1/12/02, attorney docket no. 25791 .88.02, which claims 

priority from U.S. provisional patent application serial no. 60/339,013, attorney docket no. 

25791.88, filed on 11/12/01, (64) PCT applkation US 03/11765. filed on 4/16/03. attorney 

docket no. 25791.89.02, which daims priority from U.S. pnmstonal patent application serial 

no. 60/383,917, attorney docket no. 25791.89. filed on 5/29/02, (65) PCT application US 

03/15020, filed on 5/12/03, attorney docket no. 25791.90.02, which daims priority from U.S. 

provisional patent application serial no. 60/391,703, attomey dodcet no. 25791 .90, filed on 

6/26/02, (66) PCT application US 02/39418, filed on 12/10/02, attomey docket no. 

25791.92.02, which daims priority from U.S. provisional patent application serial no. 

60/346,309, attomey docket no. 25791.92, filed on 1/7/02, (67) PCT application US 

03/06544, filed on 3/4/03, attomey docket no. 25791.93.02, which claims priority from U.S. 

provisional patent application serial no. 60/372,048, attomey docket no. 25791.93, filed on 

4/12/02, (68) U.S. patent application serial no. 10/331,718, attomey docket no. 25791.94, 

filed on 12/30/02, which is a divisional U.S. patent appfication serial no. 09/679,906, filed on 
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10/5/DO, attorney docket no. 25791.37.02, which claims priority from provisional patent 

application serial no. 60/159,033. attorney docket no. 25791.37, filed on 10/12/1999. (69) 

PCT applicatmn US 03/04837, filed on 2/29/03. attorney docket no. 25791.95.02, whk:h 

claims priority from U.S. provisional patent application serial no. 60/363,829, attorney 

docket no. 25791.95, filed on 3/13/02, (70) U.S. patent application serial no. 10/261,927, 

attorney docket no. 25791 .97, filed on 10/1/02, which is a divisional of U.S. patent number 

6.557,640, vt^ich was filed as patent apF^ication serial no. 09/588,946, attorney docket no. 

25791.17.02, filed on 6/7/2000, which claims priority from provisional appllcatton 60/137,998, 

filed on 6/7^9. (71) U.S. patent application serial no. 10/262,008. attomey dodcet no. 

25791.98. filed on 10/1/02. which is a divisfonal of U.S. patent numljer 6.557,640. which was 

filed as patent application serial no. 09/588.946, attomey docket no. 25791.17.02. filed on 

6/7/2000. which claims priority from provisional application 60/137,998, filed on 6/7/99, (72) 

U.S. patent application serial no. 10/261.925, attomey docket no. 25791.99. filed on 

10/1/02, which is a divisional of U.S. patent number 6.557.640. which was filed as patent 

application serial no. 09/588,946. attomey docket no. 25791.17.02. filed on 6/7/2000, w^ich 

claims priority from provisional application 60/137,998, filed on 6/7/99, (73) U.S. patent 

application serial no. 10/199,524, attomey docket no. 25791.100, filed on 7/19/02, whidi is 

a continuation of U.S. Patent Numt)er 6,497,289, which was filed as U.S. Patent Application 

serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, whteh claims 

priority from provisional appfication 60/111,293. filed on 12/7/98, (74) PCT application US 

03/10144, fned on 3/28/03, attomey docket no. 25791.101.02, which claims priority from 

U.S. provisional patent application serial no. 60/372,632, attomey docket no. 25791.101, 

filed on 4/15/02, (75) U.S. provisional patent application serial no. 60/412,542. attom^ 

docket no. 25701.102, filed on fl/20/02, (76) PCT appHcation US 03/14153, filed on 5/6/03, 

attorney docket no. 25791.104.02, which claims priorityfirom U.S. pro^ionat patent 

applteab'on serial no. 60/380,147, attomey docket no. 25791.104, filed on 5/6/02, (77) PCT 

application US 03/19993, filed on 6/24/03, attomey doctet no. 25791.106.02, which daims 

priority from U.S. provisional patent application serial no. 60/397,284, attomey docket no. 

25791.106, filed on 7/19/02, (78) PCT applteation US 03/13787, filed on 5/5/03, attomey 

docket no. 25791.107.02. which daims priority from U.S. provisional patent applk:ation 

serial no. 60/387,486 , attomey docket no. 25791.107. filed on 6/10/02, (79) PCT application 

US 03/18530, filed on 6/1 1/03, attomey docket no. 25791.108.02, which daims priority from 

U.S. provisional patent application serial no. 60/387,961, attomey docket no. 25791.108, 

filed on 6/12/02, (80) PCT application US 03/20694, filed on 7/1/03, attomey docket no. 

25791.1 10.02. which daims priority from U.S. provisional patent application serial no. 

60/398,061, attomey docket no. 25791.1 10, filed on 7/24/02, (81) PCT application US 

03/20870. filed on 7/2/03. attomey docket no. 25791 .1 1 1 .02. which daims priority firom U.S. 
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provislonaJ patent application serial no. 60/399,240, attorney docket no. 26791 .111, filed on 

1I2%KIZ, (82) U.S. provisional patent application serial no. 60/412,487, attorney dock^ no. 

25791.112, filed on 9/20/02. (83) U.S. provlstonal patent applteation serial no. 60/412,488, 

attorney docket no. 25791.114, filed on 9/20/02. (84) U.S. patent application serial no. 

10/280,356, attorney docket no. 25791.1 15. filed on 10/25/02. which is a continuation of 

U.S. patent numljer 6.470.966. which was fited as patent appficatlon serial numljer 

09/850,093, filed on 5/7/01 . attorney docket no. 25791.55, as a dMstonal appTKation of U.S. 

Patent Numl>er 6,497,289, which was filed as U.S. Patent Applicatton serial no. 09/454,139, 

attorney docket no. 25791.03.02, filed on 12/3/1999, which claims priority from provistonal 

application 60/1 1 1,293, filed on 12/7/98, (85) U.S. provisional patent application serial no. 

60/412,177, attorney docket no. 25791.117, filed on 9/20/02. (86) U.S. provisional patent 

application serial no. 60/412,653, attomey docket no. 25791.1 18, filed on 9/20/02, (87) U.S. 

provisional patent application serial no. 60/405,610, attomey docket no. 25791.1 19, filed on 

8/23/02. (88) U.S. provisional patent application serial no. 60/405,394, attomey docket no. 

25791.120, filed on 8/23/02. (89) U.S. provisional patent application serial no. 60/412,544. 

attomey docket no. 25791.121, filed on 9/20/02, (90) PCT application US 03/24779, filed on 

8/8/03, attomey docket no. 25791.125.02, which claims priority from U.S. provisional patent 

application serial no. 6QA407,442, attomey docket no. 25791.125, filed on 8/30/02. (91) U.S. 

provisional patent appKcation serial no. 60/423,363. attomey docket no. 25791.126, filed on 

12/10/02, (92) U.S. provisiona! patent appiicaOon serial no. 60/412.196, attomey docket no. 

26791.127, filed on 9/20/02, (93) U.S. provisional patent application serial no. 60/412,187. 

attomey docket no. 25791.128. filed on 9/20/02. (94) U.S. provisbnal patent application 

serial no. 60/412.371, attomey docket no. 25791.129, filed on 9/20/02, (95) U.S. patent 

application serial no. 10/382,325, attomey docket no. 25791.145, filed on 3/5/03, which is a 

continuation of U.S. patent number 6,557,640, which was filed as patent applk»tion serial 

no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, which dalms priority 

finom provisional application 60/137,998. filed on 6/7/99. (96) U.S. patent application serial 

no. 10/624,842, attomey docket no. 25791.161, filed on 7/22/03, which is a divisional of 

U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 

2/10/2000, which claims priority fix»m provisional application 60/119.611, filed on 2/1 1/99, 

(97) U.S. provisional patent application serial no. 60/431,184, attomey docket no. 

25791.157, filed on 12/5/02, (98) U.S. provistonal patent application serial no. 60/448,526, 

attomey docket no. 25791.185, filed on 2/18/03, (99) U.S. provisional patent application 

serial no. 60/461,539, attomey docket no. 26791.186, filed on 4/9/03, (100) U.S. provisional 

patent application serial no. 60/462,750, attomey docket no. 25791.193, filed on 4/14/03, 

(101) U.S. provisional patent application serial no. 60/436,106, attomey docket no. 

25791.200, filed on 12/23/02. (102) U.S. provisional patent application serial no. 60/442,942, 
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attorney docket no. 25791.213. filed on 1/27/03. (103) U.S. provlslonai patent application 

serial no. 60/442.938, attorney docket no. 25791.225, filed on 1/27/03, (104) U.S. provistonal 

patent application serial no. 60/418,687, attorney docket no. 25791 .228, filed on 4/18/03, 

(105) U.S. provisional patent application serial no. 60/454,896. attorney docket no. 

25791.236. filed on 3/14/03, (106) U.S. provisional patent appfication serial no. 60/450,504. 

attorney docket no. 25791.238. filed on 2/26/03. (107) U.S. provisional patent application 

serial no. 60/451,152, attorney docket no. 25791.239. filed on 3/9/03, (108) U.S. |xovisional 

patent application serial no. 60/455,124, attorney docket no. 25791.241, filed on 3/17/03. 

(109) U.S. provisional patent applicatfon serial no. 60/453,678. attorney docket no. 

25791.253, filed on 3/11/03. (110) U.S. patent application serial no. 10/421,682, attorney 

docket no. 25791 .256, filed on 4/23/03, which is a continuation of U.S. patent application 

serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, vvhich claims 

priority from provisional application 60/124,042, filed on 3/1 1/99, (111) U.S. provisional 

patent aw)lication serial no. 60/457,965, attorney docket no. 25791.260, filed on 3/27/03, 

(112) U.S. provisional patent application serial no. 60/455.718, attorney docket no. 

25791.262. filed on 3/18/03, (113) U.S. patent numl)er 6,550,821, which was filed as patent 

application serial no. 09/811.734, filed on 3/19/01, (114) U.S. patent application serial no. 

10/436,467, attorney docket no. 25791.268. filed on 5/12/03, which is a continuatkm of U.S. 

patent numt)er 6,604.763, wh»h was filed as application serteri no. 09/559.122. attorney 

docket no. 25791.23.02, filed on 4/26/2000. wfvch claims priority from provismnal applicatkm 

60/131,106. filed on 4/26/99. (115) U.S. provisk>nal patent appHcation serial no. 60/459.776. 

attorney docket no. 25791 .270, filed on 4/2/03. (116) U.S. provisional patent application ' 

serial no. 60/461.094. attorney docket no. 25791.272, filed on 4/8/03, (117) U.S. provisional 

patent appltoation serial no. 60/461,038, attorn^ docket no. 25791.273, filed on 4/7/03, 

(118) U.S. proviskMial patent application serial no. 60/463,586. attorney dock^ no. 

25791.277. filed on 4/1 7/03, (119) U.S. provlstonal patent application serial no. 60/472,240, 

attorney docket no. 25791.286. filed on 5/20/03. (120) U.S. patent appHcatton serial no. 

10/619,285. attorney docket no. 25791.292, filed on 7/14/03. which is a continuation-in-part 

of U.S. utility patent application serial no. 09/969,922. attorney docket no. 25791.69, filed on 

10/3/2001, which is a continuation-in-part application of U.S. patent no. 6,328,1 13, whfeh 

was filed as U.S. Patent Application serial numt>er 09/440,338, attorney docket numt)er 

25791 .9.02, filed on 1 1/15/99, which claims priority firom provisional application 60/108,558, 

filed on 11/16/98, (121) U.S. utility patent application serial no. 10/418.688, attorney docket 

no. 25791.257, which was filed on 4/18/03, as a division of U.S. utility patent application 

serial no. 09/523,468, attorney docket no. 25791.1 1.02. filed on 3/10/2000, which claims 

priority from provisional application 60/124,042, filed on 3/1 1/99, (122) PCT patent 

application serial no. PCT/US04/06246. attorney docket no. 25791.238.02. filed on 
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2/26/2004. the disclosures of which are incorporated herein by reference. 

Background of the Invention 
[0004] This invention relates generally to oil and gas exploration, and in particular to 
forming and repairing wellbore casings to facilitate oil and gas exploration. 

Summary Of The Invention 
According to a first aspect of the present invention, there is provided an apparatus for 
radially expanding and plastically deforming an expandable tubular member, comprising: a 
support member; an expansion device for radially expanding and plastically deforming the 
tubular member coupled to the support member; and a locking device for locking the position 
of the tubular member relative to the support member; wherein the locking device comprises: 
one or more locking elements for engaging an interior surface of the expandable tubular 
member; and one or more spring elements for biasing corresponding locking elements out of 
engagement with the interior surface of the expandable tubular member. 

Preferably, the apparatus further comprises: a cutting device for cutting the tubular 
member coupled to the support member; and an actuator for displacing the expansion 
device relative to the support member; wherein the actuator comprises: a first actuator for 
pulling the expansion device; and a second actuator for pushing the expansion device; and 
wherein the second actuator comprises: the locking device for locking the position of the 
tubular member relative to the support member. 

Preferably, the apparatus further comprises: a sealing assembly for sealing an 
annulus defined between the support member and the tubular member. 

Preferably, the apparatus further comprises: an actuator for displacing the expansion 
device relative to the support member; wherein the expansion device comprises: a first 
expansion device for radially expanding and plastically deforming the tubular member 
coupled to the support member; and a second expansion device for radially expanding and 
plastically defomiing the tubular member coupled to the support member; wherein the 
actuator comprises: a first actuator for pulling the expansion device; and a second actuator 
for pushing the expansion device; and wherein the second actuator comprises: the locking 
device for locking the position of the tubular member relative to the support member. 

Preferably, the locking device further comprises: a housing defining a plurality of 
circumferentially spaced apart openings; wherein the one or more locking elements 
comprise: a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for engaging the interior 
surface of the expandable tubular member; and wherein the one or more spring elements 
comprise: a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the expandable tubular 
member. 
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Preferably, the apparatus further comprises: a packer coupled to the support 
member; and an actuator for displacing the expansion device relative to the support 
member; wherein the actuator comprises: the locking device for locking the position of the 
tubular member relative to the support member. 

Preferably, the apparatus further comprises: a packer coupled to the support 
member; an actuator for displacing the expansion device relative to the support member; 
wherein the actuator comprises: a first actuator for pulling the expansion device; and a 
second actuator for pushing the expansion device; and wherein the second actuator 
comprises: a locking device for locking the position of the tubular member relative to the 
support member. 

Preferably, the apparatus further comprises: a cutting device for cutting the tubular 
member coupled to the support member; a gripping device for gripping the tubular member 
coupled to the support member; a sealing device for sealing an interface with the tubular 
member coupled to the support member; and a packer coupled to the support member; 
wherein the expansion device comprises: a first adjustable expansion device for radially 
expanding and plastically deforming the tubular member coupled to the support member; 
and a second adjustable expansion device for radially expanding and plastically deforming 
the tubular member coupled to the support member; wherein the apparatus further 
comprises an actuator for displacing one or more of the sealing device, first and second 
adjustable expansion devices, and packer relative to the support member; and wherein the 
actuator comprises: the locking device for locking the position of the tubular member relative 
to the support member. 

Preferably, the locking device further comprises: a housing defining a plurality of 
circumferentially spaced apart openings; wherein the one or more locking elements 
comprise: a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for engaging the interior 
surface of the expandable tubular member; and wherein the one or more spring elements 
comprise: a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the expandable tubular 
member. 

Preferably, the locking device further comprises: a locking element retainer 
releasably coupled to and positioned within the housing for retaining the locking elements in 
engagement with the interior surface of the expandable tubular member. 

Preferably, the locking device further comprises: an actuator coupled to the housing 
for displacing the locking element retainer relative to the locking elements. 

Preferably, the actuator comprises: a fluid powered actuator for displacing the locking 

element retainer relative to the locking elements. 
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Preferably, the locking device further comprises: a sensor coupled to the locking 
element retainer for displacing the locking element retainer relative to the locking elements if 
a sensed operating condition exceeds a predetermined value. 

Preferably, the sensor comprises: a pressure sensor for displacing the locking 
element retainer relative to the locking elements if a sensed operating pressure exceeds a 
predetermined value. 

Preferably, the apparatus further comprises: a cutting device for cutting the tubular 

member coupled to the support member comprising: a support member; and a plurality of 

movable cutting elements coupled to the support member comprising: a first set of cutting 

elements: and a second set of cutting elements; wherein the first set of cutting elements are 

interleaved with the second set of cutting elements; an actuator coupled to the support 

member for moving the cutting elements between a first position and a second position; and 

a sensor coupled to the support member for sensing the internal diameter of the tubular 

member; wherein in the first position, the cutting elements do not engage the tubular 

member; wherein in the second position, the cutting elements engage the tubular member; 

wherein in the first position, the first set of cutting elements are not axially aligned with the 

second set of cutting elements; wherein in the second position, the first set of cutting 

elements are axially aligned with the second set of cutting elements; and wherein the sensor 

prevents the cutting elements from being moved to the second position if the internal 

diameter of the tubular member is less than a predetermined value; a gripping device for 

gripping the tubular member coupled to the support member comprising: a plurality of 

radially and axially movable gripping elements; and a fluid powered actuator coupled to the 

gripping elements for moving the gripping elements between first and second positions; 

wherein in the first position, the gripping elements do not engage the tubular member; 

wherein in the second position, the gripping elements do engage the tubular member; 

wherein, during the movement from the first position to the second position, the gripping 

elements move in a radial and an axial direction relative to the support member, and 

wherein, the gripping elements are biased to remain in the first position; and wherein, if the 

tubular member Is displaced in a first axial direction, the gripping device grips the tubular 

member; and wherein, if the tubular member is displaced in a second axial direction, the 

gripping device does not grip the tubular member; and a sealing device for sealing an 

interface with the tubular member coupled to the support member; wherein the sealing 

device seals an annulus defined between the support member and the tubular member; a 

packer assembly coupled to the support member comprising: a packer comprising: a support 

member defining a passage; a shoe comprising a float valve coupled to an end of the 

support member; one or more compressible packer elements movably coupled to the 

support member; and a sliding sleeve valve movably positioned within the passage of the 
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support member: and a packer control device for controlling the operation of the packer 

coupled to the support member comprising: a support member; one or more drag blocks 

releasably coupled to the support member; and a stinger coupled to the support member for 

engaging the packer; and an actuator for displacing the expansion device relative to the 

support member comprising: a first actuator for pulling the expansion device; a second 

actuator for pushing the expansion device; and means for transferring torsional loads 

between the support member and the expansion device; wherein at least one of the first and 

second actuators comprises a plurality of pistons positioned within corresponding piston 

chambers; wherein the expansion device comprises: one or more adjustable expansion 

devices, each adjustable expansion device comprising: a support member; a plurality of 

movable expansion elements coupled to the support member comprising: a first set of 

expansion elements; and a second set of expansion elements; wherein the first set of 

expansion elements are interleaved with the second set of expansion elements; an actuator 

coupled to the support member for moving the expansion elements between a first position 

and a second position; and a sensor coupled to the support member for sensing the internal 

diameter of the tubular member; wherein in the first position, the expansion elements do not 

engage the tubular member; wherein in the second position, the expansion elements engage 

the tubular member; wherein in the first position, the first set of expansion elements are not 

axially aligned with the second set of expansion elements; wherein in the second position, 

the first set of expansion elements are axially aligned with the second set of expansion 

elements; and wherein the sensor prevents the expansion elements from being moved to the 

second position if the internal diameter of the tubular member is less than a predetermined 

value; wherein the one or more locking elements comprise a plurality of circumferentially 

spaced apart locking elements for engaging an interior surface of the tubular member; 

wherein the one or more spring elements comprise a plurality of spring elements for biasing 

corresponding locking elements out of engagement with the interior surface of the tubular 

member; and wherein the locking device further comprises: a releasable retaining element 

for releasably retaining the locking elements in engagement with the interior surface of the 

tubular member; an actuator for controllably displacing the retaining element relative to the 

locking elements; and a sensor for sensing an operating condition within the tubular member 

for controllably displacing the retaining element relative to the locking elements. 

Preferably, the apparatus further comprises: a cutting device for cutting the tubular 

member coupled to the support member comprising: a support member; and a plurality of 

movable cutting elements coupled to the support member comprising: a first set of cutting 

elements; and a second set of cutting elements; wherein the first set of cutting elements are 

interleaved with the second set of cutting elements; an actuator coupled to the support 

member for moving the cutting elements between a first position and a second position; and 
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a sensor coupled to the support member for sensing the internal diameter of the tubular 

member; wherein in the first position, the cutting elements do not engage the tubular 

member; wherein in the second position, the cutting elements engage the tubular member; 

wherein in the first position, the first set of cutting elements are not axially aligned with the 

second set of cutting elements; wherein in the second position, the first set of cutting 

elements are axially aligned with the second set of cutting elements; and wherein the sensor 

prevents the cutting elements from being moved to the second position if the internal 

diameter of the tubular member is less than a predetermined value; a gripping device for 

gripping the tubular member coupled to the support member comprising: a plurality of 

radially and axially movable gripping elements; and a fluid powered actuator coupled to the 

gripping elements for moving the gripping elements between first and second positions; 

wherein in the first position, the gripping elements do not engage the tubular member; 

wherein in the second position, the gripping elements do engage the tubular member; 

wherein, during the movement from the first position to the second position, the gripping 

elements move in a radial and an axial direction relative to the support member, and 

wherein, the gripping elements are biased to remain in the first position; and wherein, if the 

tubular member is displaced in a first axial direction, the gripping device grips the tubular 

member; and wherein, if the tubular member is displaced in a second axial direction, the 

gripping device does not grip the tubular member; and a sealing device for sealing an 

interface with the tubular member coupled to the support member; wherein the sealing 

device seals an annulus defined between the support member and the tubular member; a 

packer assembly coupled to the support member comprising: a packer comprising: a support 

member defining a passage; a shoe comprising a float valve coupled to an end of the 

support member; one or more compressible packer elements movably coupled to the 

support member; and a sliding sleeve valve movably positioned within the passage of the 

support member; and a packer control device for controlling the operation of the packer 

coupled to the support member comprising: a support member; one or more drag blocks 

releasably coupled to the support member; and a stinger coupled to the support member for 

engaging the packer; wherein the expansion device comprises: a first adjustable expansion 

device for radially expanding and plastically defomiing the tubular member coupled to the 

support member comprising: one or more adjustable expansion devices, each adjustable 

expansion device comprising: a support member; a plurality of movable expansion elements 

coupled to the support member comprising: a first set of expansion elements; and a second 

set of expansion elements; wherein the first set of expansion elements are interieaved with 

the second set of expansion elements; an actuator coupled to the support member for 

moving the expansion elements between a first position and a second position; and a sensor 

coupled to the support member for sensing the internal diameter of the tubular member; 
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wherein in the first position, the expansion elements do not engage the tubular member; 

wherein in the second position, the expansion elements engage the tubular member; 

wherein in the first position, the first set of expansion elements are not axially aligned with 

the second set of expansion elements; wherein in the second position, the first set of 

expansion elements are axially aligned with the second set of expansion elements; and 

wherein the sensor prevents the expansion elements from being moved to the second 

position if the internal diameter of the tubular member is less than a predetermined value; 

and a second adjustable expansion device for radially expanding and plastically deforming 

the tubular member coupled to the support member comprising: one or more adjustable 

expansion devices, each adjustable expansion device comprising: a support member; a 

plurality of movable expansion elements coupled to the support member comprising: a first 

set of expansion elements; and a second set of expansion elements; wherein the first set of 

expansion elements are interieaved with the second set of expansion elements; an actuator 

coupled to the support member for moving the expansion elements between a first position 

and a second position; and a sensor coupled to the support member for sensing the internal 

diameter of the tubular member; wherein in the first position, the expansion elements do not 

engage the tubular member; wherein in the second position, the expansion elements engage 

the tubular member; wherein in the first position, the first set of expansion elements are not 

axially aligned with the second set of expansion elements; wherein in the second position, 

the first set of expansion elements are axially aligned with the second set of expansion 

elements; and wherein the sensor prevents the expansion elements from being moved to the 

second position if the internal diameter of the tubular member is less than a predetermined 

value; wherein the apparatus further comprises: an actuator for displacing the first and 

second adjustable expansion devices relative to the support member comprising: a first 

actuator for pulling the first and second expansion device; a second actuator for pushing the 

first and second expansion devices; and means for transferring torsional loads between the 

support member and the first and second adjustable expansion devices; wherein at least 

one of the first and second actuators comprises a plurality of pistons positioned within 

corresponding piston chambers; wherein the one or more locking elements comprise a 

plurality of circumferentially spaced apart locking elements for engaging an interior surface 

of the tubular member; wherein the one or more spring elements comprise a plurality of 

spring elements for biasing corresponding locking elements out of engagement with the 

interior surface of the tubular member; and wherein the locking device further comprises: a 

releasable retaining element for releasably retaining the locking elements in engagement 

with the interior surface of the tubular member; an actuator for controllably displacing the 

retaining element relative to the locking elements; and a sensor for sensing an operating 

condition within the tubular member for controllably displacing the retaining element relative 
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to the locking elements. 

Preferably, the one or more locking elements comprise: a plurality of circumferentially 
spaced apart locking elements coupled to the support member for engaging an Interior 
surface of the tubular member; wherein the one or more spring elements comprise: a 
plurality of spring elements coupled to the support member for biasing corresponding locking 
elements out of engagement with the interior surface of the tubular member; and wherein the 
locking device further comprises: a releasable retaining element releasably coupled to the 
support member for releasably retaining the locking elements in engagement with the interior 
surface of the tubular member; an actuator coupled to the support member for controllably 
displacing the retaining element relative to the locking elements; and a sensor coupled to the 
support member for sensing an operating condition within the tubular member for 
controllably displacing the retaining element relative to the locking elements. 

According to a second aspect of the present invention, there is provided a method of 
radially expanding and plastically deforming a tubular member, comprising: positioning the 
tubular member within a preexisting structure; radially expanding and plastically deforming a 
lower portion of the tubular member to form a bell section; and radially expanding and 
plastically deforming a portion of the tubular member above the bell section; wherein 
positioning the tubular member within a preexisting structure comprises: locking the tubular 
member to an expansion device; wherein locking the tubular member to an expansion 
device comprises: locking the position of the tubular member relative to a support member 
and wherein the engagement members are biased out of engagement with the tubular 
member. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: engaging the interior surface of the tubular member at a plurality of 
circumferentially spaced apart locations. 

Preferably, engaging the interior surface of the tubular member at a plurality of 
circumferentially spaced apart locations comprises: engaging the interior surface of the 
tubular member at a plurality of circumferentially spaced apart locations using one or more 
engagement members. 

Preferably, the engagement members are biased out of engagement with the tubular 
member by a spring bias force. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: unlocking the position of the tubular member relative to the support member if an 
operating condition exceeds a predetermined amount. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: unlocking the position of the tubular member relative to the support member if an 
operating condition within the tubular member exceeds a predetermined amount 
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Preferably, locking the position of the tubular member relative to a support member 

comprises: releasing the engagement members from engagement with the tubular member 

relative to the support member if an operating condition exceeds a predetermined amount. 

Preferably, positioning the tubular member within a preexisting structure comprises: 

positioning the tubular member within a preexisting structure comprising a preexisting 

tubular member; wherein the expansion device comprises one or more adjustable expansion 

devices; wherein the method further comprises: positioning the one or more adjustable 

expansion devices within the tubular member; wherein locking the tubular member to the 

expansion device comprises: locking the tubular member to the one or more adjustable 

expansion devices; wherein radially expanding and plastically deforming a lower portion of 

the tubular member to form a bell section comprises: lowering one or more of the adjustable 

expansion devices out of an end of the tubular member; adjusting the size of one or more of 

the adjustable expansion devices; and pulling one or more of the adjustable expansion 

devices through the end of the tubular member comprising: gripping the tubular member 

comprising: permitting axial displacement of the tubular member in a first direction; and not 

permitting axial displacement of the tubular member in a second direction; and pulling one or 

more of the adjustable expansion devices through an end of the tubular member; wherein 

radially expanding and plastically deforming a portion of the tubular member above the bell 

section comprises: lowering one or more of the adjustable expansion devices out of an end 

of the tubular member; adjusting the size of one or more of the adjustable expansion 

devices; and pulling one or more of the adjustable expansion devices through the end of the 

tubular member comprising gripping the tubular member comprising: permitting axial 

displacement of the tubular member in a first direction; and not permitting axial displacement 

of the tubular member in a second direction; and pulling one or more of the adjustable 

expansion devices through an end of the tubular member comprising: pressurizing an 

annulus defined within the tubular member; and pulling one or more of the adjustable 

expansion devices through an end of the tubular member using the pressurized annulus; 

wherein the method further comprises: cutting an end of the portion of the tubular member 

that overlaps with the preexisting tubular member; and removing the cut off end of the 

expandable tubular member from the preexisting structure and wherein locking the tubular 

member to the one or more adjustable expansion devices comprises: locking the position of 

the tubular member relative to a support member. 

Preferably, locking the position of the tubular member relative to a support member 

comprises: engaging the interior surface of the tubular member at a plurality of 

circumferentially spaced apart locations. 

Preferably, engaging the interior surface of the tubular member at a plurality of 

circumferentially spaced apart locations comprises: engaging the interior surface of the 
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tubular member at a plurality of circumferentially spaced apart locations using one or more 
engagement members. 

Preferably, the engagement members are biased out of engagement with the tubular 
member. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: unlocking the position of the tubular member relative to the support member if an 
operating condition exceeds a predetermined amount. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: unlocking the position of the tubular member relative to the support member if an 
operating condition within the tubular member exceeds a predetermined amount. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: releasing the engagement members from engagement with the tubular member 
relative to the support member if an operating condition exceeds a predetermined amount. 

Preferably, locking the position of the tubular member relative to a support member 
comprises: engaging the interior surface of the tubular member at a plurality of 
circumferentially spaced apart locations using one or more engagement members; and 
disengaging the engagement members from the interior surface of the tubular member if an 
operating condition within the tubular member exceeds a predetermined amount; wherein 
the engagement members are biased out of engagement with the tubular member. 

According to a third aspect of the present invention, there is provided a system for 
radially expanding and plastically deforming a tubular member, comprising: means for 
positioning the tubular member within a preexisting structure; means for radially expanding 
and plastically deforming a lower portion of the tubular member to fonn a bell Section; and 
means for radially expanding and plastically defomiing a portion of the tubular member 
above the bell section; wherein means for positioning the tubular member within a 
preexisting structure comprises: means for locking the tubular member to an expansion 
device; and wherein the means for locking the tubular member to an expansion device is 
biased out of engagement with the tubular member. 

Preferably, means for locking the position of the tubular member relative to a support 
member comprises: means for engaging the interior surface of the tubular member at a 
plurality of circumferentially spaced apart locations. 

Preferably, means for engaging the interior surface of the tubular member at a 
plurality of circumferentially spaced apart locations comprises: means for engaging the 
interior surface of the tubular member at a plurality of circumferentially spaced apart 
locations using one or more engagement members. 

Preferably, the engagement members are biased out of engagement with the tubular 
member by a spring bias force. 
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Preferably, means for locking the position of the tubular member relative to a support 
member comprises: means for unlocl^ing the position of the tubular member relative to the 
support member if an operating condition exceeds a predetermined amount. ' 

Preferably, means for locking the position of the tubular member relative to a support 
member comprises; means for unlocking the position of the tubular member relative to the 
support member if an operating condition within the tubular member exceeds a 
predetermined amount. 

Preferably, means for locking the position of the tubular member relative to a support 
member comprises: means for releasing the engagement members from engagement with 
the tubular member relative to the support member if an operating condition exceeds a 
predetermined amount. 

Preferably, means for locking the position of the tubular member relative to a support 
member comprises: means for engaging the interior surface of the tubular member at a 
plurality of circumferentially spaced apart locations using one or more engagement 
members; and means for disengaging the engagement members from the interior surface of 
the tubular member if an operating condition within the tubular member exceeds a 
predetermined amount; wherein the engagement members are biased out of engagement 
with the tubular member. 
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Brief Description of the Drawings 
[0054] Fig. 1 is a fragmentary cross-sectional illustration of an embodiment of a system for 
radially expanding and plastically deforming wellbore casing, including a tubular support 
member, a casing cutter, a ball gripper for gripping a wellbore casing, a force multiplier 
tension actuator, a safety sub. a cup sub. a casing lock, an extension actuator, a bell section 
adjustable expansion cone assembly, a casing section adjustable expansion cone assembly, 
a packer setting tool, a packer, a stinger, and an expandable wellbore casing, during the 
placement of the system within a wellbore. 

[0055] Fig. 2 is a fragmentary cross-sectional illustration of the system of Fig. 1 during 
the subsequent displacement of the bell section adjustable expansion cone assembly, the 
casing section adjustable expansion cone assembly, the packer setting tool, the packer, and 
the stinger downwardly out of the end of the expandable wellbore casing and the expansion 
of the size of the bell section adjustable expansion cone assembly and the casing section 
adjustable expansion cone assembly. 

[0056] Fig. 3 is a fragmentary cross-sectional illustration of the system of Fig. 2 during 
the subsequent operation of the tension actuator to displace the bell section adjustable 
expansion cone assembly upwardly into the end of the expandable wellbore casing to form a 
bell section in the end of the expandable wellbore casing. 

[0057] Fig. 4 is a fragmentary cross-sectional illustration of the system of Fig. 3 during 
the subsequent reduction of the bell section adjustable expansion cone assembly. 
[0058] Fig. 5 is a fragmentary cross-sectional illustration of the system of Fig. 4 during 
the subsequent upward displacement of the expanded casing section adjustable expansion 
cone assembly to radially expand the expandable wellbore casing. 

[0059] Fig. 6 is a fragmentary cross-sectional illustration of the system of Fig. 5 during 
the subsequent lowering of the tubular support member, casing cutter, ball gripper. a force 
multiplier tension actuator, safety sub. cup sub. casing lock, extension actuator, bell section 
adjustable expansion cone assembly, casing section adjustable expansion cone assembly, 
packer setting tool, packer, and stinger and subsequent setting of the packer within the 
expandable wellbore casing above the bell section. 

[0060] Fig. 7 is a fragmentary cross-sectional illustration of the system of Fig. 6 during 
the subsequent injection of fluidic materials into the system to displace the expanded casing 
section adjustable expansion cone assembly upwardly through the expandable wellbore 
casing to radially expand and plastically deform the expandable wellbore casing. 



1,0 



10061] Rg.8isafragmentaor cross-sectional illustrafion of the system of Rg 7during 
the subsequent injection of fluldic materials Into the system to displace the expanded casing 
section adjustable expansion cone assembly upwardly through the expandable wellboie 
casing and a surrounding preexisting wellbore casing to radially expand and plastically 
defonn the overlapping expandable wellbore casing and the surrounding preexisting 
wellbore casing. 

lOOeq Rg. 9 is a fragmentary cross-sectional Illustration of the system of Rg Sduring 
the subsequent operation of the casing cutter to cut off an end of the expandable wellborB 
casing. 

I0063I Fig. 10 is a fragmentary cross-sectional illustration of the system of Fig. 9 during 
the subsequent removal of the cut offend of the expandable wellbore casing. 
IP06fl Figs. 11-1 and 11-2. 11A1 to 11A2,11B1 to 11B2. lie. 11D.11E 11F 11G 
11H. 111. 11j. 11K. 11L. 11M. 11N. 110. IIP. 11Q. 11R, 11S. 11T. 11U. 11V 11W 11)^ 
11Y. 1121 to 11Z4. 11AA1 to 11AA4. 11AB1 to 11AB4. 11AC1 to 11AC4. HAD. and 11AE 
are fragmentary cross-secHonal and perspective Illustrations of an exemplary embodiment of 
a casing cutter assembly. 

IPOeq Rgs. 12A1 to 12A4 and 12C1 to 12C4 are fragmentary aoss-secllonal 
Illustrations of an exemplary embodiment of a ball gripper assembly. 

lOOSq Rg. 12Bisatopvlewofaportlonoftheballgripperassemblyof Rgs. 12A1 to 
12A4 and 12C1 to 12C4. 

10067] Rgs. 13A1 to 13A8 and 13B1 to 13B7 aiB fragmentary cross-secBonal 
lllustrabons of an exemplary embodiment of a tension actuator assembly. 
100681 Fig. 14A is a fragmentary cross-sectional fliustrations of an exemplary 
embodiment of a safety sub assembly. 

10069] Rgs. 14A. 14B and 14C are fragmentary cross-sectional and perspective 

Illustrations of an exemplary embodiment of a cup seal assembly. 

1007(0 Rgs. 15-1. 15-2. 15A1. 15A2. 16B1. 15B2. 15C1. 15C2. 15D. 15E1 to 15E5 

15F1 to 15F5. and 15G1 to 15G5 are fragmentary cross sectional Illustrations of an 

exemplary embodiment of an extension actuator and casing lock assembly. 

10071] Rgs. 16-1 and 16-2. 16A1 to 16A2, 16B1 to 16B2. 16C. 16D. 16E 16F 16G 

16H. 161. 16i. 16K. 16L. 16M. 16N. 160. 16P. 16R. 16S. 16T. 16U. 16V. 16W 16;^ 16Y 

16Z1 to 1624. 16AA1 to 16AA4. 16AB1 to 16AB4. 16AC1 to 16AC4. 16AD. and 16AE ai^ 

fragmentary cross-sectional and perspective Illustrations of an exemplary embodiment of an 

adjustable bell section expansion cone assembly. 

I007q Rgs. 17-1 and 17-2, 17A1 to 17A2. 17B1 to 17B2. 17C. 17D. 17E 17F 17G 
17H. 171. 17J. 17K. 17L, 17M. 17N. 170. 17P. 17R. 17S. 17T. 17U. 17V. 17W. 17X. 17Y 
1721-1724. 17AA1 to 17AA4. 17AB1 to 17AB4. 17AC1 to 17AC4. 17AD. and 17AE ara ' 



fragmentary cross-secbonal and perspective iUustrations of an exemplary embodiment of an 
adjustable casing expansion cone assembly. 

IP073J Figs. 18A to 18C is a fragmentary cross-secHonal illustration of an exemplary 
embodiment of a packer setting tool assembly. 

[0074] Figs. 19-1 to 19-5 is a fragmentary cross-secBonal illustration of an exemplary 
embodiment of a packer assembly. 

Rgs. 20A1 to 20A5, 20B1 to 20B5. 20C1 to 20C5. 20D1 to 20D5, 20E1 to 20E6 
20F1 to 20F6. 20G1 to 20G6. and 20H1 to 20H5. arB fragmentary cross-sertlonal 
illustrations of an exemplary embodiment of the operation of the packer setting tool and the 
packer assembly of Rgs. ISA to 18C and 19-1 to 19-5. 

P)07q Figs. 21 and 21A to 21 AX are fragmentary perspective and cross-sectional 

illustrations of an aKemative embodiment of the packer assembly. 

Detailed Description of the Illustrative Embodiments 

[0077] Refemng initially to Figs. 1-10. an exemplary embodiment of a system 10 for 
radially expanding and plastically deforming a wellbore casing includes a conventional 
tubular support 12 having an end that is coupled to an end of a casing cutter assembly 14. 
In an exemplary embodiment, the casing cutter assembly 14 may be. or may include 
elements, of one or more conventional commercially available casing cutters for cutting 
wellbore casing, or equivalents tiiereof. 

msi An end of a ball gripper assembly 16 is coupled to anottier end of the casing 
cutter assembly 14. In an exemplary embodiment, ti^e ball gripper assembly 14 may be, or 
may include elements, of one or more conventional commercially available ball grippere. or 
other types of gripping devtees. for gripping wellbore casing, or equivalents thereof. 
[007?! An end of a tension actuator assembly 18 is coupled to another end of ttie ball 
gripper assembly 16. In an exemplary embodiment, ttie tensbn actuator assembly 18 may 
be. or may include elements, of one or more conventional commercially actuators, or 
equivalents thereof. 

[008(11 An end of a safety sub assembly 20 is coupled to anotiier end of the tension 
actuator assembly 18. In an exemplary embodiment, the safety sub assembly 20 may be. or 
may include elements, of one or more conventional apparatus that provWe qutek connection 
and/or disconnection of tubular members, or equivalents tiiereof. 

[0081] An end of a sealing cup assembly 22 is coupled to anotiier end of the safety sub 
assembly 20. In an exemplary embodiment, the sealing cup assembly 22 may be. or may 
Include elements, of one or more conventional sealing cup assemblies, or other types of 
sealing assemblies, ttiat sealingly engage ttie interior surfaces of sunounding tubular 
members, or equivalents tiiereof. 

IPOSq An end of a casing lock assembly 24 is coupled to anottier end of ttie sealing cup 



assembly 22. In an exemplary embodiment, the casing lock assembly 24 may be, or may 
Include elements, of one or more conventional casing lock assemblies that lock the position 
of wellbore casing, or equivalents thereof. 

[0083] An end of an extension actuator assembly 26 is coupled to another end of the 
casing lock assembly 24. In an exemplary embodiment, the extension actuator assembly 26 
may be, or may include elements, of one or more conventional actuators, or equivalents 
thereof. 

[00841 An end of an adjustable bell section expansion cone assembly 28 is coupled to 
another end of the extension actuator assembly 26. In an exemplary embodiment, the 
adjustable bell section expansion cone assembly 28 may be. or may include elements, of 
one or more conventional adjustable expansion devices for radially expanding and plastically 
defonming wellbore casing, or equivalents thereof. 

[008^ An end of an adjustable casing expansion cone assembly 30 is coupled to 
anotfier end of the adjustable bell section expansion cone assembly 28. In an exemplary 
embodiment, the adjustable casing expansion cone assembly 30 may be, or may include 
elements, of one or more conventional adjustable expansion devices for radially expanding 
and plastically defonning wellbore casing, or equivalents ttiereof. 
[0086] An end of a packer setting tool assembly 32 is coupled to anotfier end of tiie 
adjustable casing expansion cone assembly 30. In an exemplary embodiment, tiie packer 
setting tool assembly 32 may be, or may include elements, of one or more conventional 
adjustable expansion devices for controlling the operation of a conventional packer, or 
equivalents thereof. 

[0087] An end of a stinger assembly 34 is coupled to anotiier end of ttie packer setting 
tool assembly 32. In an exemplary embodiment, the stinger assembly 34 may be, or may 
include elements, of one or more conventional devices for engaging a conventional packer, 
or equivalents thereof. 

[OOOq An end of a packer assembly 36 is coupled to anotiier end of ttie stinger 
assembly 34. In an exemplary embodiment, the packer assembly 36 may be, or may 
include elements, of one or more conventional packers. 

[0089] In an exemplary embodiment, one or more of the elements of the system 1 0 may 
be omitted, at least in part, and/or combined, at least in part, wrtii one or more of the oOier 
elements of the system. 

[OOOpI As illustrated in Fig. 1, in an exemplary embodiment, during operation of tfie 
system 10, an expandable wellbore casing 100 is coupled to and supported by the casing 
lock assembly 24 of ttie system. The system 10 is ttien positioned within a wellbore 102 that 
b^verses a subten^nean fomiation 104 and includes a preexisting wellbore casing 106. 
[0091] As illustrated in Rg. 2. in an exemplary embodiment Vhe extension actuator 



assembly 26 is then operated to move the adjustable bell section expansion cone assembly 
28, acQustable casing expansion cone assembly 30, packer setting tool assembly 32, stinger 
assembly 34, packer assembly 36 downwardly in a direction 108 and out of an end of the 
expandable wellbore casing 100. After the adjustable bell section expansion cone assembly 
28 and adjustable casing expansion cone assembly 30 have been moved to a position out of 
the end of the expandable wellbore casing 100, the adjustable bell secbon expansion cone 
assembly and adjustable casing expanston cone assembly are then operated to increase the 
outside diameters of the expansion cone assemblies. In an exemplary embodiment, the 
increased outside diameter of the adjustable bell secUon expansion cone assembly 28 is 
greater than the increased outside diameter of the adjustable casing expansion cone 
assembly 30. 

[0092] As illustrated in Fig. 3, in an exemplary embodiment, the ball gripper assembly 16 
is then operated to engage and hold the position of the expandable tubular member 100 
stationary relative to the tubular support member 12. The tension actuator assembly 18 is 
then operated to move the adjustable bell section expansion cone assembly 28, adjustable 
casing expansion cone assembly 30, packer setting tool assembly 32, stinger assembly 34, 
packer assembly 36 upwardly in a direction 1 10 into and through the end of the expandable 
wellbore casing 100. As a resuK, the end of the expandable wellbore casing 100 is radially 
expanded and plastically deformed by the adjustable bell section expansion cone assembly 
28 to form a bell section 112. In an exemplary embodiment, during the operation of the 
system 10 described above with reference to Rg. 3, the casing lock assembly 24 may or 
may not be coupled to the expandable wellbore casing 100. 

[0093] In an exemplary embodiment, the length of the end of the expandable wellbore 
casing 100 that is radially expanded and plastteally defomied by the adjustable bell section 
expansion cone assembly 28 is limited by the stroke length of the tension actuator assembly 
18. In an exemplary embodiment, once the tension actuator assembly 18 completes a 
stroke, the ball gripper assembly 16 is operated to release the expandable tubular member 
100, and the tubular support 12 is moved upwardly to pennit the tension actuator assembly 
to be re-set In this manner, the length of the bell section 1 12 can be further extended by 
continuing to stroke and then re-set the position of the tension actuator assembly 18. Note, 
that, during the upward movement of the tubular support 12 to re-set the position of the 
tension actuator assembly 18, the expandable tubular wellbore casing 100 Is supported by 
the expansion surfaces of the adjustable bell section expansion cone assembly 28. 
[00941 As illustrated in Rg. 4, in an exemplary embodiment, the casing lock assembly 24 
IS then operated to engage and maintain the position of the expandable wellbore casing 100 
stationary relative to the tubular support 12. The adjustable bell section expansion cone 
assembly 28, adjustable casing expansion cone assembly 30, packer setting tool assembly 



32, stinger assembly 34, and packer assembly 36 are displaced downwardly Into the bell 
section 1 12 in a direction 1 14 relative to the expandable wellbore casing 100 by operating 
the extension actuator 26 and/or by displacing the system 10 downwardly In the direction 
1 14 relative to the expandable wellbore casing. After the adjustable bell section expansion 
cone assembly 28 and adjustable casing expansion cone assembly 30 have been moved 
downwardly in the direction 1 14 into the bell section 1 12 of the expandable wellbore casing 
100. the adjustable bell section expansion cone assembly is then operated to decrease the 
outside diameter of the adjustable bell section expansion cone assembly. In an exemplary 
embodiment, the decreased outside diameter of the adjustable bell secBon expansion cone 
assembly 28 Is less than the increased outside diameter of the adjustable casing expansion 
cone assembly 30. In an exemplary embodiment, during the operation of the system 
illustrated and described above with reference to Fig. 4, the ball gripper 16 may or may not 
be operated to engage the expandable wellbore casing 100, 

[OOSq As Illustrated in Rg. 5, in an exemplary embodiment, the casing lock assembly 24 
Is then disengaged from the expandable wellbore casing 100 and fluidic material 1 16 is then 
Injected into the system 10 through the tubular support 12 to thereby pressurize an annulus 
118 defined within the expandable wellbore casing below the cup sub assembly 22. As a 
result, a pressure differential is created across the cup seal assembly 22 that causes the cup 
seal assembly to apply a tensile force In the direction 120 to the system 10. As a result, the 
system 10 is displaced upwardly in the direction 120 relative to the expandable wellbore 
casing 100 thereby pulling the adjustable casing expansion cone assembly 30 upwardly in 
the directfon 120 through the expandable wellbore casing thereby radially expanding and 
plastically defomiing the expandable wellbore casing. 

[OOSq In an exemplary embodiment, the tension actuator assembly 16 may also be 
operated during the injection of the fluidic material 1 16 to displace the adjustable casing * 
expansion cone assembly 30 upwardly relative to the tubular support 12. As a result, 
additional expansion forces may be applied to the expandable wellbore casing 100. 
[00971 As illustrated in Rg. 6, in an exemplary embodiment, the radial expanston and 
plastic defomiatlon of the expandable wellbore casing using the adjustable casing expansion 
cone assembly 30 continues until the packer assembly 36 is positioned within a portion of 
the expandable tubular member above the bell section 112. The packer assembly 36 may 
then be operated to engage the interior surface of the expandable wellbore casing 100 
above the bell section 112. 

[OOSq In an exemplary embodiment, after the packer assembly 36 is operated to 
engage the interior surface of the expandable wellbore casing 100 above the bell section 
1 12, a hardenable fluidic sealing material 122 may then be injected into the system 10 
through the tubular support 12 and then out of the system through the packer assembly to 
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thereby permit the annuJus lietween the expandable wellbore casing and the wellbore 102 to 
be filled with the hardenable fluidic sealing material. The hardenable fluidic sealing material 
122 may then be allowed to cure to fonn a fluid tight annulus between the expandable 
wellbore casing 100 and the wellbore 102. before, during, or after the completion ofthe 
radial expansion and plastic defonnation ofthe expandable wellbore casing. 
[0099] As illustrated in Rg. 7. in an exemplary embodiment. «ie fluidic material 1 16 is 
then re-injected into the system 10 through the tubular support 12 to thereby re-pressurize 
the annulus 1 18 defined within the expandable wellbore casing below the cup sub assembly 
22. As a result, a pressure differential is once again created across the cup seal assembly 
22 that causes the cup seal assembly to once again apply a tensile force in the direction 120 
to the system 10. As a result, the system 10 is displaced upwardly in the direction 120 
relative to the expandable wellbore casing 100 Uiereby pulling ttie adjustable casing 
expansion cone assembly 30 upwardly in Oie direction 120 through Vne expandable wellbore 
casing thereby radially expanding and plastically defonning the expandable wellbore casing 
and disengaging ttie stinger assembly 34 from ttie packer assembly 36. In an exemplary 
embodiment, during ttHs operational mode, the packer assembly 36 prevents tiie flow of 
fluidic materials out of the expandable wellbore casing 100. As a result, tfie pressurization of 
the annulus 1 18 is repki and effldent ttiereby enhancing ttie operational efficiency of ttie 
subsequent radial expansion and plastic defomfiafaon of ttie expandable wellbore casing 100. 
PWIOOI In an exemplary embodiment, ttie tension actuator assembly 16 may also be 
operated during ttie re-injection of ttie fluidic material 1 16 to displace ttie adjustable casing 
expansion cone assembly 30 upwardly relative to ttie tubular support 12. As a result, 
additional expansion forces may be applied to ttie expandable wellbore casing 100. 
100101] As illustrated in Fig. 8. in an exemplary embodiment, ttie radial expanskm and 
plastic defonnation ofthe expandable vt^llbore casing using ttie adjustable casing expansion 
cone assembly 30 continues until ttie adjustable casing expansion cone assembly 30 
reaches ttie portion 124 of ttie expandable wellbore casing 100 ttiat overiaps witti ttie 
preexisting wellbore casing 106. At which point, ttie system 10 may radially expand ttie 
portion 124 of ttie expandable wellbore casing 100 ttiat overiaps wltti ttie preexisb'ng 
wellbore casing 106 and the surrounding portion of ttie preexisting wellbore casing. 
Consequentiy. in an exemplaiy embodiment, during ttie radial expansion of ttie portion 124 
of ttie expandable wellbore casing 100 ttiat overiaps wiOi ttie preexisting wellbore casing 
106, ttie tension actuator assembly 16 is also operated to displace ttie adjustable casing 
expansion cone assembly 30 upvi^rdly relative to tiie tubular support 12. As a result, 
additional expansion forces may be applied to ttie expandable wellbore casing 100 and ttie 
preexisting weflbore casing 106 during ttie radial expansion of Oie portion 124 of ttie 
expandable wellbore casing that overiaps wfth ttie preexisting wellbore casing. 



tOOIoq As illustrated In Fig. 9, in an exemplaiy embodiment, the entire length of the 
portion 124 of the expandable wellbore casing 100 that overlaps with the preexisting 
wellbore casing 106 is not radially expanded and plastically defonned. Rather, only part of 
the portion 124 of the expandable wellbore casing 100 that overlaps with the preexisting 
wellbore casing 106 is radially expanded and plastically defonned. The remaining part of the 
portion 124 of the expandable wellbore casing 100 that overiaps with the preexisting 
wellbore casing 106 Is then cut away by operating the casing cutter assembly 14. 
100103] As illustrated in Rg. 10. the remaining part of the portion 124 of the expandable 
wellbore casing 100 that overlaps with the preexisting wellbore casing 106 that is cut away 
by operating the casing cutter assembly 14 is then also canied out of the wellbore 102 using 
the casing cutter assembly. 

[00104] Furthennore. in an exemplary embodiment the Inside diameter of the expandable 
wellbore casing 100 above the bell section 1 12 is equal to the inside diameter of the portion 
of the preexisting wellbore casing 106 that does not overlap with the expandable wellbore 
casing 100. As a result, a wellbore casing is constmcted that includes overiapping wellbore 
casings that together define an internal passage having a constant cross-secHonal area. 
IPOIoq In an exemplary embodiment, one or more of the operational elements of the 
system 10 may be omitted, at least In part, and/or combined, at least in part, with one or 
more of the other operational elements of the system. 

lOOOIOJ In several exemplary embodiments, the system 10 includes one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. Patent Number 
6.497.289. which was filed as U.S. Patent AppHcation serial po. 09/454,139. attomey docket 
no. 25791.03.02. filed on 12/3/1999. virtilch dalms priority ftom provisional application 
60/1 11.293. filed on 12/7/98, (2) U.S. patent appfication serial no. 09«10,913, attomey 
docket no. 25791.7.02, filed on 2/23C000, which claims priority from provisional application 
60/121.702. filed on 2/25/99. (3) U.S. patent applicatton serial no. 09/502,350. attomey 
docket no. 25791.8.02. filed on 2/10/2000. which claims priority from provistonal application 
60/1 19.611. filed on 2/11/99. (4) U.S. patent no. 6.328.113, which was filed as U.S. Patent 
Application serial number 09/440.338. attomey docket number 25791.9.02. filed on 
11/15/99, which claims priority from provisional application 60/108.558, filed on 11/16/98. (5) 
U.S. patent application serial no. 10/169,434. attomey docket no. 25791.10.04, filed on 
7/1/02. which claims priority from provisional application 60/183,546, filed on 2/18/00, (6) 
U.S. patent application serial no. 09/523.468. attomey docket no. 25791.11.02. filed on 
3/10/2000, which claims priority from provisional application 60/124.042, filed on 3/11/99. (7) 
U.S. patent number 6,568,471. which was filed as patent application serial no. 09/512,895. 
attomey docket no. 25791.12.02, filed on 2/24/2000. which claims priority from provisional' 
applfcation 60/121.841, tiled on 2/26/99. (8) U.S. patent number 6.575,240, which was filed 



as patent application serial no. 09/511,941. attorney docket no. 25791.16.02, filed on 
2/24/2000, which claims priority from provisional application 60/121,907, filed on 2/26/99. (9) 
U.S. patent numl)er 6.557.640. which was filed as patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02, filed on 6/7/2000. which claims priority from provisional 
application 60/137.998, filed on 6/7/99, (10) U.S. patent application serial no. 09/981,916, 
attorney docket no. 25791,18, filed on 10/18/01 as a contlnuatton-ln-part application of U.S. 
patent no. 6,328,1 13, which was filed as U.S. Patent Application serial number 09/440,338. 
attorney docket number 25791 .9.02, filed on 11/15/99, which claims priority from provisional 
application 60/108,558. filed on 1 1/16/98, (1 1) U.S. patent number 6.604.763, which was 
filed as application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, which claims priority from provisional application 60/131,106, filed on 4/26/99. 
(12) U.S. patent application serial no. 10/030,593. attorney docket no. 25791.25.08, filed on 
1/8/02, which claims priority from provisional application 60/146.203, filed on 7/29/99, (13) 
U.S. provisional patent application serial no. 60/143,039, attorney docket no. 25791.26, filed 
on 7/9/99. (14) U.S. patent application serial no. 10/111,982. attorney docket no. 
25791.27.08, filed on 4/30/02, which claims priority from provisional patent application serial 
no. 60/162,671. attorney docket no. 25701.27, filed on 11/1/1999. (15) U.S. provisional 
patent applteation serial no. 60/154,047, attorney docket no. 25791.29. filed on 9/16/1999. 
(16) U.S. provistonal patent application serial no. 60/438,828, attorney docket no. 25791.31. 
filed on 1/9/03, (17) U.S. patent number 6,564.875, which was filed as application serial no. 
09/679,907, attomey docket no. 25791.34.02, on 10/5/00, which claims priority from 
provisfonal patent application serial no. 60/159.082, attomey docket no. 25791.34, filed on 
10/12/1999, (18) U.S. patent application serial no. 10/089,419, filed on 3/27/02, attorney 
docket no. 25791.36.03, which claims priority from provisional patent appOcation serial no. 
60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, (19) U.S. patent application 
serial no. 09/679.906, filed on 10/5/00, attomey docket no. 25791.37.02, which claims 
priority from provisional patent application serial no. 60/159.033, attomey docket no. 
25791.37, filed on 10/12/1999, (20) U.S. patent application serial no. 10/303,992, filed on 
1 1/22/02, attomey docket no. 25791.38.07, virtiich claims priority from provisional patent 
applfcation serial no. 60/212,359, attomey docket no. 25791.38, filed on 6/19/2000, (21) U.S. 
provisional patent application serial no. 60/165.228, attomey docket no. 25791.39, filed on 
11/12/1999, (22) U.S. provisional patent application serial no. 60/455,051, attomey docket 
no. 25791.40. filed on 3/14/03, (23) PCT application US02/2477, filed on 6/26/02, attomey 
docket no. 25791.44.02, which claims priority fi^m U.S. provisional patent application serial 
no. 60/303,711, attomey docket no. 25791.44, filed on 7/6/01, (24) U.S. patent application 
serial no. 10/311,412, filed on 12/12/02, attomey docket no. 25791.45.07, virhlch claims 
priority fix>m provisional patent application serial no. 60/221.443, attomey docket no. 



25791.45, filed on 7/28/2000, (25) U.S. patent application serial no. 10/, filed on 12/18/02, 
attorney docket no, 25791.46.07, which datms priority from provisional patent application 
serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (26) U.S. patent 
application serial no. 10^22,947, filed on 1/22/03, attorney docket no. 25791.47.03, which 
claims priority from provisional patent application serial no. 60/233,638, attorney docket no. 
25791.47, filed on 9/18/2000, (27) U.S. patent application serial no. 10/406,648, filed on 
3/31/03, attorney docket no. 25791.48.06. which claims priority from provisional patent 
applkation serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (28) PCT 
application US02/04353, filed on 2/14/02, attomey docket no. 25791.50.02, which claims 
priority from U.S. provisional patent application serial no. 60/270,007, attomey docket no. 
25791.50, filed on 2/20/2001, (29) U.S. patent application serial no. 10/465,835, filed on 
6/13/03, attomey docket no. 25791.51.06, which claims priority fi-om provisional patent 
application serial no. 60/262,434, attomey docket no. 25791.51, filed on 1/17/2001, (30) U.S. 
patent application serial no. 10/465,831, filed on 6/13/03, attomey docket no. 25791.52.06, 
which ctabns priority from U.S. provisional patent application serial no. 60/259,486, attomey 
docket no. 25791.52, filed on 1/3/2001, (31) U.S. provisional patent application serial no. 
60/452,303, filed on 3/5/03. attomey docket no. 25791.53, (32) U.S. patent numlw 
6,470,966, which was filed as patent application serial number 09/850,093. filed on 5/7/01, 
attomey docket no. 25791.55, as a divisional application of U.S. Patent Numtjer 6.497,289. 
which was filed as U.S. Patent Application serial no. 09/454.139. attomey docket no. 
25791.03.02. filed on 12/3/1999, vt^ich daims priority finom provisional appOcation 
60/1 1 1 ,293. filed on 12/7/98, (33) U.S. patent number 6,561 .227, which was filed as patent 
application serial number 09/852.026 , filed on 5/9/01 , attomey docket no. 25791.56, as a 
divisional applfcation of U.S. Patent Number 6,497,289, which was filed as U.S. Patent 
Application serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, which 
daims priority fi^m provisional application 60/111,293, filed on 12/7/96, (34) U.S. patent 
application serial number 09/852,027, filed on 5/9/01, attomey docket no. 25791.57. as a 
divisional application of U.S. Patent Number 6,497,289, which was filed as U.S. Patent 
Application serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999. which 
daims priority from provisional application 60/111,293, filed on 12/7/98, (35) PCT Application 
US02/25608, attomey docket no. 25791.58.02, filed on 8/13/02, which daims priority from 
provisional application 60/31 8,021 , filed on 9/7/01 , attomey docket no. 25791 .58, (36) PCT 
Application US02/24399, attomey docket no. 25791.59.02, filed on 8/1/02, which daims 
priority ftt)m U.S. provisional patent application serial no. 60/313,453, attomey docket no. 
25791.59, filed on 8/20/2001 , (37) PCT Application US02/29856, attomey docket no. 
25791.60.02, filed on 9/19/02, which daims priority firom U.S. provisional patent application 
serial no. 60/326,886, attomey docket no. 25791.60, filed on 10/3/2001. (38) PCT 
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Application US02/20256, attorney docket no. 25791.61.02, filed on 6/26/02, which claims 
priority from U.S. provisional patent application serial no. 60/303,740, attorney docket no. 
25791.61, filed on 7/672001, (39) U.S. patent application serial no. 09/962,469, filed on 
9/25/01, attorney docket no. 25791.62, which is a divisional of U.S. patent application serial 
no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which claims priority 
from provisional application 60/124,042, filed on 3/11/99, (40) U.S. patent application serial 
no. 09/962,470, filed on 9/25/01, attorney docket no. 25791.63, whk:h is a divisional of U.S. 
patent application serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/11/99, 
(41) U.S. patent application serial no. 09/962,471, filed on 9/25/01, attorney docket no. 
25791.64, which is a divisional of U.S. patent application serial no. 09/523,468, attorney 
docket no. 25791.11.02. filed on 3/10/2000, which claims priority from provisional application 
60/124,042, filed on 3/1 1/99, (42) U.S. patent application serial no. 09/962,467, filed on 
9/25/01, attorney docket no. 25791.65, which is a divisional of U.S. patent application serial 
no. 09/523,468, attomey docket no. 25791.1 1.02, filed on 3/10/2000, which claims priority 
from provisional application 60/124,042, filed on 3/1 1/99, (43) U.S. patent application serial . 
no. 09/962.468. filed on 9/25/01, attomey docket no. 25791.66, which is a divisional of U.S. 
patent application serial no. 09/523,468, attomey docket no. 25791.1 1.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/1 1/99, 
(44) PCT application US 02/25727, filed on 8/14/02, attomey docket no. 25791.67.03, which 
claims priority from U.S. provisional patent application serial no. 60/317,985, attomey docket 
no. 25791.67, filed on 9/6/2001, and U.S. provisional patent application serial no. 
60/318,386, attomey docket no. 25791.67.02. filed on 9/10/2001, (45) PCT application US 
02/39425, filed on 12/10/02, attomey docket no. 25791.68.02, which claims priority from 
U.S. provisional patent application serial no. 60/343,674 , attomey docket no. 25791.68, 
filed on 12/27/2001, (46) U.S. utility patent applteation serial no. 09/969,922, attomey docket 
no. 25791.69, filed on 10/3/2001, which is a continuation-in-part application of U.S. patent 
no. 6,328,113, which was filed as U.S. Patent Application serial number 09/440,338, 
attomey docket number 25791.9.02. filed on 1 1/15/99, which claims priority from provisional 
application 60/108,558, filed on 11/16/98, (47) U.S. utility patent application serial no. 
10/516.467, attomey docket no. 25791.70, filed on 12/10/01, which is a continuation 
application of U.S. utility patent application serial no. 09/969,922, attomey docket no. 
25791.69, filed on 10/3/2001, which is a continuation-in-part application of U.S. patent no. 
6.328,113, which was filed as U.S. Patent Application serial number 09/440,338, attomey 
docket number 25791.9.02, filed on 11/15/99, which claims priority from provisional 
application 60/108.558, filed on 11/16/98, (48) PCT application US 03/00609. filed on 1/9/03, 
attomey docket no. 25791.71.02, which claims priority from U.S. provisional patent 



application serial no. 60/357.372 , attorney docket no. 25791.71. filed on 2/15^2. (49) U.S. 
patent application serial no. 10/074.703. attorney docket no. 25791.74. filed on 2/12/02. 
which is a divisional of U.S. patent numt)er 6,568.471 . which was filed as patent appfication 
serial no. 09/512.895. attorney docket no. 25791.12.02. filed on 2C4/2000. which claims 
priority from provisional application 60/121,841. filed on 2/26/99. (50) U.S. patent application 
serial no. 10/074.244, attorney docket no. 25791.75. filed on 2/12^2. which is a divisional of 
U.S. patent number 6,568,471. which was filed as patent appHcation serial no. 09^12.895. 
attorney docket no. 25791.12.02. filed on 2/24/2000. which claims priority from provlslwal' 
application 60/121.841. filed on 2/26/99. (51) U.S. patent appOcation serial no. 1Q«)76.660. 
attorney docket no. 25791.76. filed on 2/15/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895. attorney docket no. 
25791.12.02. filed on 2/24/2000. which claims priority fiwn provisional appHcation 
60/121.841. filed on 2«6/99. (52) U.S. patent application serial no. 10/076.661. attorney 
docket no. 25791.77. filed on 2/15/02. which is a divisional of U.S. patent number 
6.568.471, which was filed as patent application serial no. 09/512.895, attomey docket no. 
25791.12.02. filed on 2/24/2000. which daims priority from provisional application 
60/121.841. filed on 2/26«9. (53) U.S. patent application serial no. 10/076.659. attomey 
docket no. 25791.78. filed on 2/15«)2. whk:h is a divisional of U.S. patent number 
6.568.471. which was filed as patent appFKation serial no. 09/512.895. attomey docket no. 
25791.12.02. filed on 2/24/2000. which claims priority ftwi provisional application 
60/121.841. filed on 2/26/99. (54) U.S. patent appficatkm serial no. 10/078.928. attomey 
docket no. 25791.79. filed on 2/20/02, which is a divisional of U.S. patent number 
6.568.471. which was filed as patent application serial no. 09/512.895. attomey docket no. 
25791.12.02. filed on 2/24/2000. which claims priority fiwn provisional application 
60/121.841. filed on 2/26/99, (55) U.S. patent application serial no. 10/078.922.. attomey 
docket no. 25791.80. filed on 2/20/02, which is a divisional of U.S. patent number 
6.568,471 . which was filed as patent application serial no. 09/512,895. attomey docket no. 
25791.12.02. filed on 2/24/2000. which claims priority from provisional application 
60/121,841. filed on 2/26/99. (56) U.S. patent application serial no. 10/078.921. attomey 
docket no. 25791.81. filed on 2/20/02. which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895. attomey docket no. 
25791.12.02. filed on 2/24/2000, which claims priority from provisional application 
60/121.841. filed on 2/26/99, (57) U.S. patent appHcation serial no. 10/261.928, attorney 
docket no. 25791.82. filed on 10/1/02. which is a divisional of U.S. patent number 
6.557.640. which was filed as patent application serial no. 09/588,946. attomey docket no. 
25791.17.02. filed on 6/7/2000. which claims priority fi^m provisional application 60/137.998. 
filed on 6/7/99. (58) U.S. patent application serial no. 10/079.276 . attorrjey docket no. 



25791.83. filed on 2/2Q/02, which is a divisional of U.S. patent numt>er 6,568.471, which was 
filed as patent application serial no. 09/512,895, attorney dockeX no. 25791.12.02, filed on 
2/24/2000. which claims priori^ from provisional application 60/121,841. filed on 2/26/99, 
(59) U.S. patent application serial no. 10/262.009, attorney dodcet no. 25791.84, filed on 
10/1/02, which is a divisional of U.S. patent numl)er 6,557,640. which was filed as patent 
applicab'on serial no. 09^88,946, attorney dock^ no. 25791.17.02, filed on 6/7/2000. «4iich 
claims priority from provisional application 60/137.998, filed on 6/7/99, (60) U.S. patent 
application serial no. 10/092.481. attorney docket no. 25791.85, filed on 3/7/02, which is a 
divisional of U.S. patent numl)er 6,568.471 , which was filed as patent application serial no. 
09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, which claims priority from 
provisional application 60/121,841. filed on 2/26/99. (61) U.S. patent application serial no. 
10/261,926, attorney docket no. 25791.86, filed on 10/1/02, which is a divisional of U.S. 
patent number 6,557,640. which was filed as patent application serial no. 09/588.946, 
atlomey dodcet no, 25791.17.02, filed on 6/7/2000, which claims priority fiiom provisional 
application 60/137,998, filed on 6/7/99, (62) PCT application US 02/36157, filed on 11/12/02, 
attorney docket no. 25791.87.02. which claims priority from U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791 .87. filed on 1 1/1 2/01 . (63) PCT 
application US 02/36267, filed on 11/12/02, attorney docket no. 25791.88.02. which claims 
priority from U.S. provisional patent applicaton serial no. 60/339.013, attorney docket no. 
25791.88. filed on 11/12/01, (64) PCTappiicatfon US 03/11765, filed on 4/16/D3, attorney 
docket no. 25791.89.02. which claims priority from U.S. provisional patent application serial 
no. 60/383.917. attorney docket no. 25791.89, filed on 5/29/02. (65) PCT application US 
03/15020. filed on 5/12/03. attorney dockeX no. 25791.90.02, which claims priority from U.S. 
provisional patent application serial no. 60/391,703. attomey docket no. 25791.90. filed on 
612&02. (66) PCT ai^lication US 02/39418, filed on 12/10/02, attomey docket no. 
25791.92.02, whteh claims priority firom U.S. provisional patent application serial no. 
60/346,309, attomey docket no. 25791.92, filed on 1/7/02. (67) PCT appHcatkm US 
03/06544, filed on 3/4/03. attomey docket no. 25791.93.02. which claims priority from U.S. 
provisional patent appficatlon serial no. 60/372,048. attomey docket no. 25791.93, filed on 
4/12/02, (68) U.S. patent appBcation serial no. 10/331 ,718, attomey docket no. 25791 .94, 
filed on 12/30/02, whk:h is a divisional U.S. patent application serial no. 09/679,906. filed on 
10/5/00. attomey docket no. 25791.37.02. which claims priority from provisional patent 
application serial no. 60/159,033. attomey docket no. 25791.37, filed on 10/12/1999, (69) 
PCT application US 03/04837, filed on 2^9/03, attomey docket no. 25791.95.02. which 
claims priority from U.S. provisional patent application serial no. 60/363,829, attomey 
docket no. 25791.95. filed on 3/13/02, (70) U.S. patent appOcation serial no. 10/261.927, 
atlomey docket no. 25791.97, filed on 10/1/02, whfch is a divisional of U.S. patent numtjer 



6,557,640, which was filed as patent application serial no. 09/588.946. attorney dodwt no. 
25791.17.02, filed on 6/7/2000, which claims priority from prm^sional application 60/137.998. 
filed on 6/7/99, (71) U.S. patent application serial no. 10/262.008, attorney docket no. 
25791.98, filed on 10/1/02. which Is a divisional of U.S. p^nt number 6,557,640. which was 
filed as patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 
6/7/2000, which claims priority firom provisional appfication 60/137,998, filed on 6/7/99, (72) 
U.S. patent application serial no. 10/261,925. attorney docket no. 25791.99. filed on 
10/1/02, which is a divisional of U.S. patent numt)er 6,557,640. which was filed as patent 
application serial no. 09/588,946, attomey docket no. 25791.17.02. filed on 6/7/2000, which 
claims priority from provisional application 60/137.998, filed on 6/7/99, (73) U.S. patent 
application serial no. 10/199,524. attomey docket no. 25791.100, filed on 7/19/02, which is 
a continuation of U.S. Patent Numl)er 6,497,289, which was filed as U.S. Patent Application 
serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 12/3/1999, which claims 
priority from provisional application 60/111.293, filed on 12/7/98, (74) PCT application US 
03/10144, filed on 3/28/03, attomey docket no. 25791.101.02, which claims priority from 
U.S. prowsional patent application serial no. 60/372,632, attomey docket no. 25791.101, 
filed on 4/15/02, (75) U.S. provisional patent appOcation serial no. 60/412,542, attomey 
docket no. 25791.102. filed on 9/20/02, (76) PCT application US 03/14153. filed on 5/6/03, 
attomey docket no. 25791 .104.02, which claims priority from U.S. provisional patent 
applfcation serial no. 60/380,147. attomey docket no. 25701.104, filed on 5/6/02. (77) PCT 
applteatlon US 03/19993i filed on 6/24A)3, attomey docket no. 25791.106.02. virfilch claims 
priority from U.S. provisional patent application serial no. 60/397,284, attomey docket no. 
25791.106, filed on 7/19/02. (78) PCT appficatton US 03/13787, filed on 5/5/03. attomey 
docket no. 25791.107.02. virtifch dalms priority from U.S. provisional patent application 
serial no. 60/387,486 , attomey docket no. 25791.107, filed on 6/10/02, (79) PCT appHcatioh 
US 03/18530, filed on 6/1 1/03, attomey docket no. 25791.108.02, whk:h claims priority from 
U.S. provisional patent application serial no. 60/387,961, attomey docket no. 25791.108, 
filed on 6/12/02, (80) PCT application US 03«J0694, filed on 7/1/03, attomey docket no. 
25791.1 10.02, which claims priority from U.S. provisional patent appPication serial no. 
60/398,061, attomey docket no. 25791.110, filed on 7/24/02, (81) PCT appncatfon US 
03/20870, filed on 7/2/03, attomey docket no. 25791.111.02, virtiich claims priority from U.S. 
provisional patent application serial no. 60/399,240, attomey docket no. 25791.111. filed on 
7/29/02, (82) U.S. provisional patent application serial no. 60/412.487, attomey docket no. 
25791.112, filed on 9/20/02, (83) U.S. provisional patent application serial no. 60/412,488, 
attomey docket no. 25791.1 14, filed on 9/20/02, (84) U.S. patent application serial no. 
10/280,356, attomey docket no. 25791.115, filed on 10/25/02, which is a continuation of 
U.S. patent numl)er 6,470,966, which was filed as patent application serial number 
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09/850.093. filed on 5/7A)1. attorney docket no. 25791.55. as a divisional appfication of U.S. 
Patent Number 6.497,289, which was filed as U.S. Patent Application seria] no. 09/454,139, 
attorney docket no. 25791 .03.02, filed on 12/3/1999. which claims priority from provisioiial ' 
application 60/1 1 1 .293. filed on 12/7/98. (85) U.S. provisional patent application serial no. 
60/412.177. attorney docket no. 25791.1 17. filed on 9C0/02. (86) U.S. provisional patent 
application serial no. 60/412,653, attorney docket no. 25791.118. filed on 9/20rt)2, (87) U.S. 
provisional patent application serial no. 60/405,610, attorney docket no. 25791.119, filed on 
8/23/02, (88) U.S. provisional patent application serial no. 60/405,394, attorney docket no. 
25791.120. filed on 8/23/02, (89) U.S. provisional patent application serial no. 60/412,544, 
attorney docket no. 25791.121. filed on 9/20/02. (90) PCT application US 03/24779. filed on 
8/8/03. attorney docket no. 25791.125.02, which claims priority from U.S. provisional patent 
application serial no. 60/407.442. attorney docket no. 25791.125. filed on 8/30/02, (91) U.S. 
provisional patent application serial no. 60/423.363, attorney docket no. 25791.126. filed on 
12/10/02. (92) U.S. provisional patent application serial no. 60/412,196. attorney docket no. 
25791.127. filed on 9/20/02. (93) U.S. provisional patent application serial no. 60/412.187. 
attomey docket no. 25791.128. filed on 9/20/02. (94) U.S. provisional patent application 
serial no. 60/412.371. attomey docket no. 25791.129. filed on 9/20/02. (95) U.S. patent 
application serial no. 10/382.325. attomey docket no. 25791.145, filed on 3/5/03. which is a 
continuation of U.S. patent number 6.557,640. which was filed as patent application serial 
no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000. M4iich claims priority 
from provisional application 60/137.998. filed on 6/7/99. (96) U.S. patent applicatton serial 
no. 10/624.842. attomey docket no. 25791.151, filed on 7/22A)3. whk^h is a divisional of 
U.S. patent application serial no. 09/502.350. attomey docket no. 25791.8.02. filed on 
2/10/2000. which claims priority from provisional appDcation 60/119,611. filed on 2/11/99. 
(97) U.S. provisional patent application serial no. 60/431,184, attomey docket no. 
25791.157, filed on 12/5A)2, (98) U.S. provisional patent application serial no. 60/448.526. 
attomey docket no. 25791.185. filed on 2/18/03. (99) U.S. provisional patent appflcation ' 
serial no. 60/461,539. attomey docket no. 25791.186. filed on 4/9/03, (100) U.S. provisfonal 
patent application serial no. 60/462.750. attomey docket no. 25791.193, filed on 4/14A)3. 
(101) U.S. provisional patent application serial no. 60/436.106. attomey docket no. 
25791.200. filed on 12/23/02. (102) U.S. provisional patent application serial no. 60/442.942. 
attomey docket no. 25791.213. filed on 1/27/03. (103) U.S. provisional patent application 
serial no. 60/442.938. attomey docket no. 25791.225. filed on 1/27/03. (104) U.S. provisfonal 
patent application serial no. 60/418.687. attomey docket no. 25791.228. filed on 4/18/03, 
(105) U.S. provisional patent application serial no. 60/454.896. attomey docket no. 
25791.238, filed on 3/14/03. (106) U.S. provisional patent appHcation serial no. 60/450.504, 
attomey docket no. 25791.238, filed on 2/26/03. (107) U.S. provisional patent appncation ' 
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serial no. 60/451,152. attorney docket no. 25791.239, filed on 3/9/03. (108) U.S. provisional 
patent application serial no. 60/455.124, attorney docket no. 25791.241. filed on 3/17/03, 
(109) U.S. provisional patent application serial no. 60/453,678, attorney docket no. 
25791.253, filed on 3/11/03, (110) U.S. patent application serial no. 10/421.682. attorney 
docket no. 25791 .256, filed on 4/23/03, which is a continuation of U.S. patent application 
serial no. 09/523.468, attorney docket no. 25791.1 1.02. filed on 3/10/2000, which claims 
priority from provisional application 60/124,042. filed on 3/11/99. (111) U.S. provisional 
patent application serial no. 60/457.965. attorney docket no. 25791.260, filed on 3/27/03, 
(112) U.S. provisional patent application serial no. 60/455,718, attorney docket no. 
25791.262. filed on 3/18/03, (113) U.S. patent number 6,550,821, which was filed as patent 
application serial no. 09/81 1 ,734, filed on 3/19/01, (1 14) U.S. patent application serial no. 
10/436,467, attorney docket no. 25791.268, filed on 5/12/03. which is a continuation of U.S. 
patent number 6,604.763, which was filed as application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, which claims priority from provisional application 
60/131,106, filed on 4/26/99, (115) U.S. provisional patent application serial no. 60/459,776, 
attorney docket no. 25791 .270, filed on 4/2/03, (1 16) U.S. provisional patent application 
serial no. 60/461,094. attomey docket no. 25791.272, filed on 4/8/03, (117) U.S. provisional 
patent application serial no. 60/461,038, attorney docket no. 25791.273, filed on 4/7/03, 
(118) U.S. provisional patent application serial no. 60/463.586, attorney docket no. 
25791.277. filed on 4/17/03, (119) U.S. provisional patent application serial no. 60/472.240. 
attorney docket no. 25791.286. filed on 5/20/03. (120) U.S. patent application serial no. 
10/619,285, attorney docket no. 25791.292, filed on 7/14/03. which is a continuation-in-part 
of U.S. utility patent application serial no. 09/969,922. attorney docket no. 25791.69, filed on 
10/3/2001. which is a continuation-in-part application of U.S. patent no, 6,328,1 13, which 
was filed as U.S. Patent Application serial number 09/440,338, attorney docket number 
25791.9.02, filed on 11/15/99. which claims priority from provisional application 60/108,558. 
filed on 1 1/16/98. (121 ) U.S. utility patent applicafion serial no. 10/418.688, attomey docket 
no. 25791.257, which was filed on 4/18/03, as a division of U.S. utility patent application 
serial no. 09/523.468, attomey docket no. 25791.11.02, filed on 3/10/2000, which claims 
priority from provisional application 60/124.042, filed on 3/1 1/99, , the disclosures of which 
are incorporated herein by reference. 

[00106] In an exemplary embodiment, the casing cutter assembly 14 is provided and 
operates substantially, at least in part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US03/29858, attorney docket number 25791.112.02, 
filed on 9/22/2003, the disclosure of which is incorporated herein by reference. 
[00107] In an exemplary embodiment, as illustrated in Figs. 11-1 and 11-2, 11 A1 to 11A2. 
11B1 to11B2. lie, 11D, 11E, 11F, 11G, 11H. 111, 11j. 11K. 11L. 11M. 11N, 110. IIP. 
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11Q. 11R. 11S. 11T. 11U. 11V. 11W. 11X. 11Y. 11Z1 to 11Z4. 11AA1 to 11AA4. 11AB1 to 
11AB4. 11AC1 to 11AC4, 11 AD. and 11AE, the casing cutter assembly 14 includes an upper 
tubular tool joint 14002 that deHnes a longitudinal passage 14002a and mounting holes. 
14002b and 14002c. and includes an internal threaded connection 14002d. an inner annular 
recess 14002e, an inner annular recess 14002f. and an internal threaded connection 
14002g. A tubular torque plate 14004 that defines a longitudinal passage 14004a and 
includes circumferentially spaced apart teeth 14004b is received within, mates with, and is 
coupled to the internal annular recess 14002e of the upper tubular tool joint 14002. 
[00108] Circumferentially spaced apart teeth 1 4006a of an end of a tubular lower mandrel 
14006 that defines a longitudinal passage 14006b. a radial passage 14006ba. and a radial 
passage 14006bb and includes an external threaded connection 14006c, an external flange 
14006d. an external annular recess 14006e having a step 14006f at one end, an external 
annular recess 14006g. external teeth 14006h, an external threaded connection 14006i. and 
an external annular recess 14006j engage the circumferentially spaced apart teeth 14004b 
of the tubular torque plate 14004. An internal threaded connection 14008a of an end of a 
tubular toggle bushing 14008 that defines a longitudinal passage 14008b. an upper 
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longlludlnal slot 14008c , a lower longitudinal slot 14008d, mounting holes, I4008e, 14008f. 
14008g, 14D08h. 140081, 14008j, 14008k. 140081, 14008ni, 14008n, 14008o. 14008p, 
14008q. 14008r. 14008s. 14008t, 14008u. 14008v. 14008w. 14008x. 14008xa, and 
14008xb. and includes an external annular recess 14008y. internal annular recess 14008z. 
external annular recess 14008aa. and an external annular recess 14008ab receives and Is 
coupled to the external threaded connection 14006c of the tubular lower mandrel 14006. 
[001091 A sealing element 14010 is received within the external annular recess 14008y of 
the tubular toggle bushing 14008 for seaRng the interface between the tubular toggle 
bushing and the upper tubular tool joint 14002. A sealing element 14012 Is received within 
the intemal annular recess 140082 of the tubular toggle bushing 14008 for sealing the 
interface between the tubular toggle bushing and the tubular lower mandrel 14006. 
[001 10] Mounting screws. 14014a and 14014b, mounted within and coupled to the 
mounting holes, 14008w and 14008x. respectively, of the tubular toggle bushing 14008 are 
also received within the mounting holes. 14002b and 14002c of the upper tubular tool Joint 
14002. Mounting pins. 14016a. 14016b. 14016c, 14016d, and 14016e. are mounted within 
the mounting holes. 14008e, 14008f, 14008g. 14008h, and 14008i. respectively. Mounting 
pins. 14018a. 14018b, 14018c. 14018d. and 14018e. are mounted vwthin the mounting 
holes. 140081, 14008s, 14008r. 14008q. and 14008p. respectively. Mounting screws, 
14020a and 14020b, are mounted within the mounting holes. 14008u and 14008v, 
respectively. 

(POmi A first upper toggle link 14022 defines mounting holes. 14022a and 14022b. for 
receiving the mounting pins, 14016a and 14016b. and includes a mounting pin 14022c at 
one end. A first lower toggle Bnk 14024 defines mounting holes, 14024a. 14024b, and 
14024c for receiving the mounting pins. 14022c 14016c and 14016d. respectively and 
includes an engagement aim 14024d. A first trigger 14026 defines a mounting hole 14026a 
for receiving the mounting pin 14016e and includes an engagement arm 14026b at one end, 
an engagement member 14Q26c and an eng^^ent ann 14026d at anotiierend. 
[00112] A second upper toggle link 14028 defines mounting holes. 14028a and 14028b, 
for receiving the mounting pins, 14018a and 14018b, and Includes a mounting pin 14028c at 
one end. A second lower toggle link 14030 defines mounting holes, 14030a, 14030b, and 
14030c, for receiving Oie mounting pins, 14028c, 14018c, and 14018d, respectively and 
includes an engagement ami 14030d. A second trigger 14032 defines a mounting hole 
14032a for receiving the mounting pin 14018e and includes an engagement ann 14032b at 
one end, an engagement member 14032c and an engagement arm 14032d at anotiier end. 
[00113] An end of a tubular spring housing 14034 that defines a longHudinal passage 
14034a. mounting holes. 14034b and 14034c, and mounting holes. 14034ba and 14034ca. 
and includes an intemal flange 14034d and an Intemal annular recess 14034e at one end, 
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and an internal flange 14034f. an internal annular recess 14034g, an internal annular recess 
14034h, and an external threaded connection 14034i at another end receives and mates 
v^h the end of the tubular toggle bushing 14008. Mounting screws, 14035a and 14035b, 
are mounted within and coupled to the mounting holes, 14008xb and 14008xa, respectively, 
of the tubular toggle bushing 14008 and are received within the mountir^ holes, 14034ba 
and 14034ca, respectively, of the tubular spring housing 14034. 

[0011^ A tubular retracting spring ring 14036 that defines mounting holes, 14036a and 
14036b, receives and mates with a portion of the tubular lower mandrel 14006 and is 
received within and mates with a portion of the tubular spring housing 14034. Mounting 
screws, 14038a and 14038b, are mounted within and coupled to the mounting holes, 14036a 
and 14D36b, respectively, of the tubular retracting spring ring 14036 and extend into the 
mounting holes, 14034b and 14034c, respectively, of the tubular spring housing 14034. 
[001151 Casing diameter sensor springs, 14040a and 14040b, are positioned within the 
longitudinal slots, 14008c and 1408d, respectively, of the tubular toggle bushing 14008 that 
engage the engagement members, 14026c and 14032c, and engagement arms,14026d and 
14032d, of the first and second triggers, 14026 and 14032, respectively. An inner flange 
14042a of an end of a tubular spring washer 14042 mates with and receives a portion of the 
tubular lower mandrel 14006 and an end face of the inner flange of the tubular spring washer 
is positioned proximate and end face of the extemal flange 14006d of the tubular lower 
mandrel. The tubular spring washer 14042 Is further received vinthin the longitudinal 
passage 14034a of the tubular spring housing 14034. 

[P0116] An end of a retracting spring 14044 that receives the tubular lower mandrel 
14006 is positioned within the tubular spring washer 14042 in contact vtrith the intemal flange 
14042a of the tubular spring washer and the other end of the retracting spring is positioned 
in contact with an end face of the tubular retracting spring ring 14036. 
[00117] A sealing element 14046 Is received mthin the extemal annular recess 14006j of 
the tubular lower mandrel 14006 for sealing the internee between the tubular lower mandrel 
and the tubular spring housing 14034. A sealing element 14048 is received within the 
Intemal annular recess 14034h of the tubular spring housing 14034 for sealing the interftice 
between the tubular spring housing and the tubular lower mandrel 14006. 
[00118] An intemal threaded connection 14050a of an end of a tubular upper hinge 
sleeve 14050 that includes an intemal flange 14050b and an intemal pivot 14050c receives 
and is coupled to the extemal threaded connection 140341 of the end of the tubular spring 
housing 14034. 

[0011 q An extemal flange 14052a of a base member 14052b of an upper cam assembly 
14052, that is mounted upon and receives the lower tubular mandrel 14006, that includes an 
intemal flange 14052c that is received within the extemal annular recess 14006e of the 



lower tubular mandrel 14006 and a plurality of drcumferentially spaced apart cam arms 
14052d extending from the base member mates with and is received within the tubular upper 
hinge sleeve 14050. The base member 14052b of the upper cam assembly 14052 further 
Includes a plurality of drcumferentially spaced apart teeth 14052f that mate with and are 
received within a plurality of drcumferentially spaced apart teeth 14034j provided on the end 
face of the tubular spring housing 14034 and an end face of the external flange 14052a of 
the base member of the upper cam assembly is positioned In opposing relation to an end 
face of the intemal flange 14050b of the tubular upper hinge sleeve 14050. Each of the 
cam amis 14052d of the upper cam assembly 14052 Include external cam surfoces 14052e. 
In an exemplary embodiment, the teeth 14052f of the base member 14052b of the upper 
cam assembly 14052 and the teeth 14034j provided on the end face of the tubular spring 
housing 14034 pem:iit torsional loads to be transmitted between the tubular spring housing 
and the upper cam assembly. 

[00120] A plurality of drcumferentially spaced apart upper casing cutter segments 14054 
are mounted upon and receive the lower tubular mandrel 14006 and each indude an 
external pivot recess 14054a for mating with and receiving the intemal pivot 14050c of the 
tubular upper hinge sleeve 14050 and an external flange 14054b and are pivotally mounted 
wdthin the tubular upper hinge sleeve and are interieaved with the drcumferentially spaced 
apart cam anns 14052d of the upper cam assembly 14052. A casing cutter element 14056 
is coupled to and supported by the upper surfece of each upper casing cutter segments 
14054 proximate the external flange 14054b. 

1001 21] A plurality of dreumferentially spaced apart lower casing cutter segments 14058 
are mounted upon and receive the lower tubular mandrel 14006, arB interieaved among the 
upper casing cutter segments 14054, are oriented in the opposite direction to the upper 
casing cutter segments 14054, each indude an external pivot recess 14058a. and am 
positioned In opposing relation to oomespondlng drcumferentially spaced apart cam arms 
14052d of the upper cam assembly 14052. 

[00122] A lovrer cam assembly 14060 is mounted upon and receives the lower tubular 
mandrel 14006 that includes a base member 14060a having an external flange 14060b, a 
plurality of drcumferentially spaced apart cam arms 140eOd that extend from the base 
member that each indude external cam surfaces 14060e and define mounting holes 14060f 
and 14060g. The base member 14060a of the lower cam assembly 14060 further Indudes a 
plurality of drcumferentially spaced apart teeth 14060h. The drcumferentially spaced apart 
cam amis 14060d of the lower cam assembly 14060 are interieaved among the lower casing 
cutter segments 14058 and the drcumferentially spaced apart cam amis 14052d of the 
upper cam assembly 14052 and positioned in opposing relation to corresponding upper 
casing cutter segments 14054. 



I00123I Mounting screws, 14062a, 14062b, 14062c, and 14062e, are mounted within the 
corresponding mounting hofes, 14060f and 14060g, of the lower cam assembly 14060 and 
are received wthin the external annular recess 14006g of the lower cam assembly 14060. 
[00124] A tubular lower hinge sleeve 14064 that receives the lower casing cutter 
segments 14058 and the lower cam assembly 14060 Includes an internal flange 14064a for 
engaging the extemal flange 14060b of the base member of the lower cam assembly 14060, 
an internal pivot 14064b for engaging and receiving the extemal pivot recess 14058a of the 
lower casing cutler segments 14058 thereby pivotally mounting the lower casing cutter 
segments within the tubular lower hinge sleeve, and an intemal threaded connection 
14064c. 

[00125] An extemal threaded connection 14066a of an end of a tubular sleeve 14066 that 
defines mounting holes, 14066b and 14066c, and includes an intemal annular recess 
14066d having a shoulder 14066e, an intemal flange 1406ef, and an intemal threaded 
connection 14066g at another end is received within and coupled to the intemal threaded 
connection 14064c of the tubular lower hinge sleeve 14064. An extemal threaded 
connection 14068a of an end of a tubular member 14068 that defines a longitudinal passage 
14068b and mounting holes, 14068c and 14068d, and includes an extemal annular recess 
14068e, and an extemal threaded connection 14068f at anottier end is received wfthin and is 
coupled to the intemal threaded connection 14066g of the tubular sleeve 14066. 
[P012q Mounting screws, 14070a and 14070b, are mounted In and coupled to the 
mounting holes, 14068c and 14068d, respectively, of the tubular member 14068 ttiat also 
extend Into the mounting holes. 14066b and 14066c, respectively, of Vtm tubular sleeve 
14066. A sealing element 14072 is received wittiln ttie extemal annular recess 14068e of 
tfie tubular member 14068 for sealing ttie interface between the tubular member and the 
tubular sleeve 14066. 

[00127] An intemal tiireaded connection 14074a of a tubular retracting piston 14074 that 
defines a longitudinal passage 14074b and includes an intemal annular recess 14074c and 
an extemal annular recess 14074d receives and is coupled to tiie extemal threaded 
connection 140061 of Bie tubular lower mandrel 14006. A sealing element 14076 is received 
wittiin the extemal annular recess 14074d of the tubular retracting piston 14074 for sealing 
ttie interface between the tubular retracting piston and the tubular sleeve 14066. A sealing 
element 14078 is received within tiie intemal annular recess 14074c of tiie tubular retracting 
piston 14074 for sealing tiie interface between tiie tubular retracting piston and tiie tubular 
lower mandrel 14006. 

[D012q Locking dogs 14080 mate witii and receive the extemal teetti 14006h of Vt\e 
tubular lower mandrel 14006. A spacer ring 14082 is positioned between an end fece of ttie 
locking dogs 14080 and an end face of tiie lower cam assembly 14060. A release piston 



14084 mounted upon the tubular lower mandrel 14006 defines a radial passage 14084a for 
mounting a burst disk 14086 includes sealing elements, 14084b, 14084c, and 14084d. The 
sealing elements, 14084b and 14084d. sealing the interface between the release piston 
14084 and the tubular lower mandrel 14006. An end face of the release piston 14084 is 
positioned in opposing relation to an end face of the locking dogs 14080. 
[001291 A release sleeve 14088 that receives and is mounted upon the locking dogs 
14080 and the release piston 14084 includes an internal flange 14088a at one end that 
sealingly engages the tubular lower mandrel 14006. A bypass sleeve 14090 that receives 
and is mounted upon the release sleeve 14088 includes an internal flange 14090a at one 
end. 

[00130] In an exemplary embodiment, during operation of the casing cutter assembly 14, 
the retracting spring 14044 is compressed and thereby applies a biasing spring force in a 
direction 14092 firom the lower tubular mandrel 14006 to the tubular spring housing 14034 
ftat, in the absence of other forces, moves and/or maintains the upper cam assembly 14062 
and the upper casing cutter segments 14054 out of engagement with the tower casing cutter 
segments 14058 and the lower cam assembly 14060. In an exemplary embodiment, during 
operatton of the casing cutter assembly 14, an external threaded conneclfon 12a of an end 
of the tubular support member 12 is coupled to the intemal threaded connection 14002d of 
the upper tubular tool joint 14002 and an intemal threaded connection 16a of an end of the 
ball gripper assembly 16 Is coupled to the external threaded connecBon 14068f of the tubular 
member 14068. 

[00131J The upper cam assembly 14052 and the upper casing cutter segments 14064 
may be brought into engagement with the lower casing cutter segments 14058 and the 
lower cam assembly 14060 by pressurizing an annulus 14094 defined between the lower 
tubular mandrel 14006 and the tubular spring housing 14034. In particular. Injection of fluidic 
materials into the cam cutter assembly 14 through the longitudinal passage 14006b of the 
lower tubular mandrel 14006 and into the radial passage 14006ba may pressurize the 
annulus 14094 thereby creating sufficient operating pressure to generate a force in a 
direction 14096 sufficient to overcome the biasing force of the retracting spring 14044. As a 
resuft. the spring housing 14034 may be displaced in the direction 14096 relative to the 
tower tubular mandrel 14006 thereby displacing the tubular upper hinge sleeve 14050, upper 
cam assembly 14052 . and upper casing cutter segments 14054 in the direction 14096. 
[P0132] In an exemplary embodiment, as illustrated in Rgs. 1 1 P, 1 1Q and 1 1 R, the 
displacement of the upper cam assembly 14052 and upper casing cutter segments 14054 in 
the direction 14096 will cause the lower casing cutter segments 14058 to ride up the cam 
surfaces of the cam anns of the upper cam assembly 14052 while also pivoting about the 
lower tubular hinge segment 14064, and wfll also cause the upper casing cutter segments 
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14054 to ride up the cam surbces of the cam arms of the lower cam assembly 14060 while 
also prvoting about the upper tubular hinge segment 14050. 

[0013^ In an exemplary embodiment, during the operation of the casing cutter assembly 
14, when the upper and lower casing cutter segments, 14054 and 14058, brought into axial 
alignment in a radially expanded position, the casing cutter elements of the casing cutter 
segments are brought into intimate contact with the interior surface of a pre-selected portion 
of the expandable wellbore casing 100. The casing cutter assembly 14 may then be rotated 
to thereby cause the casing cutter elements to cut through the expandable wellbore casing. 
The portion of the expandable wellbore casing 100 cut away from the remaining portion on 
the expandable wellbore casing may then be canied out of the wellbore 102 with the cut 
away portion of the expandable wellbore casing supported by the casing cutter elements. 
[00134] In an exemplary embodiment, the upper cam assembly 14052 and the upper 
casing cutter segments 14054 may be moved out of engagement with the lower casing 
cutter segments 14058 and the lower cam assembly 14060 by reducing the operating 
pressure within the annulus 14094. 

I0O135] In an alternative embodiment, as illustrated in Figs. 1 1 S, 1 1T, 1 1 U and 1 1V, 
during operation of the casing cutter assembly 14, the upper cam assembly 14052 and the 
upper casing cutter segments 14054 may also be moved out of engagement wth the lower 
casing cutter segments 14058 and the lower cam assembly 14060 by sensing the operating 
pressure wrthin the longitudinal passage 14006b of the lower tubular mandrel 14006. In 
particular, as illustrated in Rg. 1 1T, if the operating pressure within the longitudinal passage 
14006b and radial passage 14006bb of the lower tubular mandrel 14006 exceeds a 
predetemiined value, the burst disc 14086 will open the passage 14084a thereby 
pressurizing the interior of the tubular release sleeve 14088 thereby displacing the tubular 
release sleeve 14088 downwardly in a direction 14092 away from engagement with the 
locking dogs 14080. 

[00136] As a result, as illustrated in Fig. 1 1U, the locking dogs 14080 are displaced 
outwardly In the radial directed and thereby released from engagement with the lower 
tubular mandrel 14006 thereby permitting the lower casing cutter segments 14058 and the 
lower cam assembly 14060 to be displaced downwardly relative to the lower tubular 
mandrel. 

[00137] As a result, as illustrated in Rg. 1 1V, the operating pressure \Anthin the lower 
tubular mandrel 14066 may then cause the lower tubular mandrel to be displaced 
downwardly in the direction 14094 relative to the tubular lovi^r mandrel 14006 and the 
retracting piston 14074. As a result, the lower tubular mandrel 14066. the lower casing 
cutter segments 14058, the lower cam assembly 14060, and tubular lower hinge sleeve 
14064 are displaced downwardly in the direction 14094 relative to the tubular spring housing 



14034 thereby moving the lower casing cutter segments 14058 and the lower cam assembly 
14060 out of engagement with the upper cam assembly 14052 and the upper casing cutter 
segments 14054, 

[00138] In an exemplary embodiment, as illustrated in Rgs. 1 1W, 1 1X, and 1 1 Y, 
during operation of the casing cutler assembly 14, the casing cutter assembly 14 senses the 
diameter of the expandable wellbore casing 100 using the upper toggle links, 14022 and 
14028, lower toggle links, 14024 and 14030, and triggers, 14026 and 14032, and then 
prevents the engagement of the upper cam assembly 14052 and the upper casing cutter 
segments 14054 with the lower casing cutter segments 14058 and the lower cam assembly 
14060. 

poisq In particular, as illustrated In Fig. 1 1 W, anytime the upper toggle links, 14022 
and 14028, and lower toggle links. 14024 and 14030, are pbsftloned within a portion of the 
expandable wellbore casing 100 that has been radially expanded and plastically deformed 
by the system 10, the triggers, 14026 and 14032, will be pivoted by the engagement anus, 
14024d and 14030d, of the lower toggle links, 14024 and 14030, to a position in which the 
triggers will no longer engage the internal flange 14034d of the end of the tubular spring 
housing 14034 thereby permitting the displacement of the tubular spring housing in the 
direction 14096. As a result, the upper cam'assembly 14052 and the upper casing cutter 
segments 14054 can be brought into engagement with the lower casing cutter segments 
14058 and the lower cam assembly 14060. In an exemplary embodiment, the upper toggle 
links, 14022 and 14028, and the lower toggle links, 14024 and 14030, are spring biased 
towards the position illustrated In Fig. 1 1 W. 

[00140] Conversely, as illustrated in Rg. 11X, anytime the upper toggle links, 14022 
and 14028, and lower toggle links, 14024 and 14030, are positioned within a portion of the 
expandable wellbore casing 100 that has not been radially expanded and plastically 
deformed by the system 10, the triggers, 14026 and 14032, will be maintained in a position 
in which \he triggers will engage Uie internal flange 14034d of the end of the tubular spring 
housing 14034 Uiereby preventing the displacement of the tubular spring housing in tiie 
direction 14096. As a resutt, the upper cam assembly 14052 and the upper casing cutter 
segments 14054 cannot be brought into engagement with the lower casing cutter segments 
14058 and the tower cam assembly 14060. In an exemplary embodiment, the triggers, 
14026 and 14032, are spring biased towards the position illustrated in Rg. 11X 
[00141] In an exemplary embodiment as illustrated in Rg. 1 1 Y, ttie tubular spring 
housing 14034 may be displaced upwardly in the direction 14098 even if tiie upper toggle 
links, 14022 and 14028, and lower toggle nnks, 14024 and 14030, are positioned wittiin a 
portion of tt)e expandable wellbore casing 100 that has not been radially expanded and 
plastically defonned by the system 10. 
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10014^ In an exemplary embodiment, as illustrated In Figs. 1 1Z1 to 1 1Z4, 1 1AA1 to 
11AA4. 11AB1 to 11AB4, 11AC1 to 11AC4, HAD. and 11AE. the tubular spring housing 
14034 of the casing cutter assembly 14 defines Internal annular recesses 14034k and 
140341, spaced apart by an internal flange 14034m, the tubular toggle bushing 14008 
defines an extemal annular recess 14008ac, and the casing cutter assembly further Includes 
pins. 14100a and 14100b and 14102a and 14102b, mounted In holes 14008j and 14008o 
and 14008k and 14008n, respectively, of the tubular toggle bushing, and a one-shot 
deactivation device 14104 mounted on the tubular toggle bushing between the pins, 14100a 
and 14100b and 14102a and 14102b. 

[00143] The one-shot deactivation device 141 04 includes a tubular body 14104a that 
defines radial holes, 14104b and 14014c, and includes an extemal annular recess 14104d at 
one end, a centrally positioned extemal flange 141 04e, a centrally positfoned internal 
annular recess 141 04f, and an extemal annular recess 14104g at another end. An 
engagement member 14106 that includes a base member 14106a having a tapered end 
14106b and a key member 14106c having a tapered end 141 06d is received within a portion 
of the internal annular recess 14104f of the tubular body 14104a and an engagement 
member 14108 that Includes a base member 14108a having a tapered end 14108b and a 
key member 14108c having a tapered end 14108d is received within an opposite portion of 
the internal annular recess 14104f of the tubular body 14104a. Spring members, 141 10 and 
14112, are received within the annular recess 14104f of the tubular body 14104a for biasing 
the base members, base member 14106a and 14108a, of the engagement members, 14106 
and 14108, respectively, radially Inwardly relative to the tubular body 14104a. 
1001441 In an exemplary embodiment, during operation of ttie casing cutter 

assembly 14, as illustrated In Figs. 11Z1 to 11Z4, ttie one-shot deactivation devfce 14104 
are positioned prowmate and In Intimate contact with ttie pins, 14102a and 14102b. witti ttie 
tapered ends, 14106b and 14108b, of ttie base membere, 14106a and 14108a. of ttie 
engagement members, 14106 and 14108. received wittiln Ihe extemal annular recess 
14008ac of the tubular toggle bushing 14008. When ttie one-shot deactivation device 14104 
is positioned as illustrated in Rg. 1 1Z, Oie extemal annular recess 14104d of tt)e tubular 
body 14104a of tiie one-shot deactivation device is moved out of engagement witti ttie 
engagement amis, 14026d and I4032d, of tiie triggers, 14026 and 14032, respectively. As 
a result, Oie triggers, 14026 and 14032, may operate nornially as described above witti 
reference to Rgs. 11W, 11X, and 11Y. 

i;0014q Conversely, in an exemplary embodiment, during operation of ttie casing 
cutter assembly 14, as illustrated in Rgs. 1 1AA1 to 1 1AA4, tiie one-shot deactivation devkse 
14104 are positioned proximate and in intimate contact wltti ttie pins, 14100a and 14100b, 
wiOi ttie tapered ends, 14106b and 14108b, of tiie base membera, 14106a and 14108a, of 



the engagement members. 14106 and 14108, not received within the external annular 
recess 14008ac of the tubular toggle bushing 14008. When the one-shot deactivation 
device 14104 is positioned as illustrated in Figs. 11AA1 to 11AA4. the external annular 
recess 14104d of the tubular body 14104a of the one-shot deactivation device is moved into 
engagement with the engagement arms. 14026d and 14032d. of the triggers. 14026 and 
14032, respectively. As a result, the triggers. 14026 and 14032. are deactivated and may 
not operate normally as described above with reference to Figs. 11W. 11X, and 11Y. 
[00146] In an altemative embodiment, the elements of the casing cutter assembly 14 
that sense the diameter of the expandable weilbore casing 100 may be disabled or omitted 
or adjusted to sense any pre-selected internal diameter of the expandable weilbore casing. 
[00147] In an exemplary embodiment, the ball gripper assembly 16 is provided and 
operates substantially, at least In part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US03/29859. attorney docket no. 25791.102.02. filed 
on 9/22/2003. and/or (2) PCT patent application serial number PCT/US03/14153 attorney 
docket number 25791.104.02. filed on 1 1/13/2003. the disclosures of which are incorporated 
herein by reference. 

[001481 In an exemplary embodiment, as illustrated in Figs. 12A1 to 12A4. 12B and 
12C1 to 12C4. the ball gripper assembly 16 includes an upper mandrel 1602 that defines a 
longitudinal passage 1602a and a radial passage 1602b and includes an internal threaded 
connection 1602c at one end. an external flange 1602d at an intermediate portion that 
includes an external annular recess 1602e having a shoulder 1602f and an external radial 
hole 1602g. an external annular recess 1602h. an external annular recess 1602i. an external 
annular recess 1602j having a tapered end 1602k including an external annular recess 
1602ka, an external annular recess 16021. and an external annular recess 1602m, and an 
external annular recess 1602n. an external radial hole 1602o. an external annular recess 
1602p, and an external annular recess 1602q at another end. 

[00149] An upper tubular bushing 1604 defines an internally threaded radial opening 
1604a and includes an external flange 1604b having an external annular recess 1604c and 
an internal annular recess 1604d mates with and receives the external flange 1602d of the 
upper mandrel 1602. In particular, the internal annular recess 1604d of the upper tubular 
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bushing 1 604 mates with the shoulder 1602f of the external annular recess 1602e of the 
upper mandrel mz A screw 1606 that is threadably coupled to the internally threaded 
radial opening 1604a of the upper tubular bushing 1604 extends into the external radial hole 
1602g of the external flange 1602d of the upper mandrel 1602. 
[001 sai A deactivation tubular sleeve 1 608 defines a radial passage 1608a and 
includes an internal annular recess 1608b that mates vvith and receives an end of the 
external annular recess 1604c of the external flange 1604b ofthe upper tubular bushing 
1604, an internal annular recess 1608c that mates with and receives the external flange 
1602d ofthe upper mandrel 1602. an internal annular recess 1608d. an Internal annular 
recess 1608e, and an Internal annular recess 1608f. A deactivation spring 1610 is received 
within.an annulus 1612 defined between the internal annular recess 1608b ofthe 
deactivation tubular sleeve 1608, an end face ofthe external annular recess 1604c ofthe 
extemal flange 1604b of the upper tubular bushing 1 604. and the external annular recess 
1602h ofthe extemal flange 1602d ofthe upper mandrel 1602. 

IP0161] -A sealing member 1614 is received with the extemal annular recess 16021 of 
the extemal flange 1602d ofthe upper mandrel 1602 for sealing the inteifece between the ' 
upper mandrel and the deactivation tubular sleeve 1608. An annular spacer element 1616 is 
received witWn the extemal annular recess 1602ka ofthe tapered end 1602k of the extemal 
annular recess 160:g ofthe upper mandrel 160Z 

IP0152] One or more inner engagement elements 1618a of a tubular coglet 1618 
engage and are received within the extemal annular recess 1602ka ofthe tapered end 
1602k of the extemal annular recess 1 602j of the upper mandrel 1602 and one or more 
outer engagement elements 1618b ofthe coglet engage and are received within the internal 
annular recess 1608d ofthe deactivatbn tubular sleeve 1608. 

100163] An extemal annular recess 1620a of an end of a tubular coglet prop 1620 
that Includes an Inner flange 1620b receives and mates with the Inner surfaces ofthe outer 
engagement elements 1618b ofthe coglet 1618. The end of the tubular coglet prop 1620 
further receives and mates vinth the extemal annular recess 1602| of the extemal flange 
1602d of the upper mandrel 1602. A sealing element 1622 is received within the extemal 
annular recess 1 6021 of the upper mandrel 1 602 for sealing the Interface between the upper 
mandrel and the tubular coglet prop 1620. 

100154] An end of a tubular bumper sleeve 1624 that includes internal and external 
flanges, 1624a and 1624b, and a hole 1624c at another end mates vwth and receives the 
extemal annular recess 1602m ofthe extemal flange 1602d ofthe upper mandrel 1602. A 
coglet spring 1626 is received within an annulus 1628 defined between the extemal annular 
recess 1602m of the extemal flange 1602d of the upper mandrel 1602. the hjbular coglet 
prop 1620. the inner flange 1620b ofthe hjbular coglet prop, an end face ofthe tubular 



bumper sleeve 1624, and the Nitemal annular recess 1608c of the cteactivation tutnilar 
sleeve 1608. 

p)01 551 A tubular ball race 1 628 that defines a plurality of tapered annular recesses 
1628a and an internally threaded radial opening 1628b and includes one or more axial 
engagement elemente 1628c at one end and one or more axial engagement elements 
1628d at another end receives and mates with the other end of the upper mandrel 1602. In 
an exemplary embodiment, the axial engagement elements 1628c of the tubular ball race 
1 628 are received within and are coupled to the hole 1 624c of the tubular bumper sleeve 
1624. An end of a tubular activation sleeve 1630 that defines a plurality of radial openings 
1630a, a radial opening 1630b, a radial opening 1630c, and includes an intemal annular 
recess 1630d receives and mates with the tubular ball race 1628. In an exemplary 
embodiment, an end face of an end of the tubular activation sleeve 1 630 is positioned 
proximate and in opposing relation to an end face of an end of the deactivation sleeve 1608. 
In an exemplary embodiment, the radial openings 1630a are aligned with and positioned In 
opposing relation to corresponding of tapered annular recesses 1628a of the tubular baH 
race 1628, and the radial openings are also nan-owed in cross section in the radial direction 
for reasons to be described. 

poisq Balls 1 632 are received vwthin each of the of tapered annular recesses 1628a 
and corresponding radial openings 1 630a of the tubular ball race 1 628 and tubular activation 
sleeve 1630, respectively. In an exemplary embodiment, the narrowed cross sections of the 
radial openings 1630a of the tubular activation sleeve 1630 will pennitthe balls 1632 to be 
displaced outwardly in the radial direction unta't at least a portion of the balls extends beyond 
the outer perimeter of the tubular activation sleeve to thereby pennit engagement of the balls 
with an outer structure such as, for example, a weilbore casing. 
[00167] A lower mandrel 1634 that defines a longitudinal passage 1 634a and an 
Internally threaded radial passage 1634b at one end and includes intemal annular recesses, 
1634c and 1634d, for receiving and mating with the external annular recesses, 1602p and 
1602q, of the upper mandrel 1602, an Intemal annular recess 1634e, an external flange 
1634f, and an exlemally threaded connection 1634g at another end. In an exemplary 
embodiment, as illustrated in Rg. 12B, the end of the lower mandrel 1634 further includes 
longitudinal recesses 1634h for receiving and mating with corresponding axial engagement 
elements 1628d of the tubular ball race 1628. A seaOng element 1635 is received within the 
intemal annular recess 1634d of the lower mandrel 1634 for sealing an interface between 
the lower mandrel and the external annular recess 1602p of the upper mandrel 1602. 
[OOlsq A tubular spring retainer 1 636 that defines a radial passage 1636a and 
includes an external annular recess 1636b at one end mates with and receives the end of 
the lower mandrel 1634 and is positioned proximate an end face of the external flange 1634f 



of the lower mandrel. A tubular spring retainer 1638 receives and mates with the end of the 
lower mandrel 1634 and is received and mates with the internal annular recess 1630d of the 
tubular activation sleeve 1630. 

[001 59| An activation spring 1 640 is received within an annulus 1642 defined an end 
face of the tubular spring retainer 1638, an end face of the spring retainer 1636, the internal 
annular recess 1630d of the tubular activation sleeve 1630. and the end of the lower 
mandrel 1634. A retainer screw 1642 is received v^in and is threadably coupled to the 
intemally threaded radial opening 1634b of the lower mandrel 1634 that also extends into 
the external radial hole 1602o of the upper mandrel 1602. 
[00160] During operation of the ball gripper assembly 16, in an exemplary 
embodiment, as illustrated in Rgs. 12A1 to 12A4, the ball gripper assembly may be 
positioned v\rithin the expandable wellbore casing 100 and the intemally threaded connection 
1602c of the upper mandrel 1602 may be coupled to an externally threaded connection 14a 
of an end of the casing cutter assembly 14 and the extemally threaded connection 1634g of 
the lower mandrel 1634 may be coupled to an intemally threaded connection 18a of an end 
of the tension actuator assembly 18. 

[00161] In an alternative embodiment, the intemally threaded connection 1602c of the 
upper mandrel 1602 may be coupled to an extemally threaded connection of an end of the 
tension actuator assembly 18 and the extemally threaded connection 1634g of the lower 
mandrel 1634 may be coupled to an intemally threaded connection of an end of casing 
cutter assembly 14. 

[00162] In an exemplary embodiment, the deactivation spring 1610 has a greater 
spring rate than the activation spring 1640. As a result, in an initial operating mode, as 
illustrated in Figs. 12A1 to 12A4, a biasing spring force is applied to the deactivation sleeve 
1608 and activation sleeve 1630 in a direction 1644 that maintains the activation sleeve in a 
position relative to the tubular ball race 1628 that maintains the balls 1632 within the radially 
inward portions of the conresponding tapered annular recesses 1628a of the tubular ball race 
such that the balls do not extend beyond the perimeter of the activation sleeve to engage the 
expandable wellbore casing 100. 

[P0163E] As illustrated in Rgs. 12C1 to 12C4, in an exemplary embodiment, the ball 
gripper 16 may be operated to erigage the interior surface of the expandable vi^llbore casing 
100 by Injecting a fluldic material 1650 into the ball gripper assembly through the longitudinal 
passages 1602a and 1634aa, of the upper and lower mandrels, 1602 and 1634, 
respectively. 

[001 6f| In particular, when the longitudinal and radial passages, 1602a and 1602b, 
respectively, of the upper mandrel 1 602 are pressurized by the injection of the fluidlc 
material 1650, the internal annular recess 1608c of the deactivation tubular sleeve 1608 Is 



pressurized. When the operating pressure of the fluldlc material 1650 within the internal 
annular recess 1 608c of the deactivation tubular sleeve 1608 Is sufficient to overcome the 
biasing spring force of the deactivation spring 1610, the deactivation tubular sleeve is 
displaced in a direction 1652. As a result, the spring force provided by the activation spring 
1640 then may displace the activation tubular sleeve 1630 in the direction 1652 therein 
moving tiie balls 1632 on the corresponding tapered annular recesses 1628a of tiie tubular 
ball race 1628 outwardly in a radial direction into engagement with the interior surface <tf the 
expandable welibore casing 100. In an exemplary embodiment the operating pressure of 
the fluidic material 1650 sufficient to overcome the biasing spring force of the deactivation 
spring 1610 was about 100 psi. 

1001 651 In an exemplary emh>odiment, when the operating pressure of tiie fluidic 
material 1650 is reduced, tiie operating pressure of the fluidic material 1650 wfthin the 
Internal annular recess 1608c of tiie deactivation tubular sleeve 1608 is no longer suffident 
to overcome the biasing spring force of Oie deactivation spring 1610, and the deactivation 
tubular sleeve and the activation tubular sleeve 1630 are displaced in a direction opposite to 
ttie direction 1652 tfiereby moving the baUs 1632 radially Inwardly and out of engagement 
witti the Interiw surface of the expandable welibore casing 1 00. 
[OOieq In an exemplary embodiment, the ball gripper assembly 16 Is operated to 
engage tiie interior surface of the expandable welibore casing 100 in combination with the 
operation of the tension actuator assembly 18 to apply an upward tensile force to one or 
more elements of tiie system 10 coupled to and positioned below the tension actuator 
assembly. As a result, a reaction force comprising a downward tensile force is applied to the 
lower mandrel 1634 of tiie ball gripper assembly 16 In a direction opposite to the direction 
1652 during tiie operation of tiie tension actuator assembly 18. Consequentiy, due to tiie 
geometry of the tapered 1628a of tiie tubular ball race 1628. tiie balls 1632 are driven up the 
tapered annular recesses 1628a of ttie hjbular ball race 1628 witti increased force and the 
contact force between tiie balls 1632 and the interior surface of tiie expandable welibore 
casing 100 is signlficantiy increased thereby conespondlngly increasing ttie gripping force 
and effect of tiie haS gripper assembly. 

[00167] In an exemplary embodiment tiie ball gripper assembly 16 may be operated 
to radially expand and plastically defomi discrete portions of ttie expandable welibore casing 
100 by continuing tiie amount of contact force applied to tiie interior surface of ttie 
expandable welibore casing by tiie balls 1632 of tiie ball gripper assembly. In an 
experimental test of an exemplary embodiment of tiie ball gripper assembly 16, an 
expandable welibore casing was radially expanded and plastically defomied. This was an 
unexpected result 

[OOlSq In an exemplary embodiment the tension actuator assembly 1 8 operates and is 



provided substantially, at least in part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US02/36267, attorney docket number 25791.88.02, 
filed on 11/12/2002, and/or (2) PCT patent application serial number PCT/US03/29859, 
attorney docket no. 25791.102.02. filed on 9/22/2003. and/or (3) PCT patent application 
serial number PCT/US03/14153, attorney docket number 25791.104.02. filed on 11/13/2003. 
and/or (4) PCT patent application serial number PCT/US03/29460. attorney docket number 
25791.114.02, filed on 9/23/2003. the disclosures of which are incorporated herein by 
reference. 

[00169] In an exemplary embodiment, as illustrated in Figs. 13A1 to 13A8 and 13B1 

to 13B7. the tension actuator assembly 18 includes an upper tubular support member 18002 
that defines a longitudinal passage 18002a, and external internally threaded radial openings, 
18002b and 18002c, and an external annular recess 18002d and includes an internally 
threaded connection 18002e at one end and an external flange 18002f, an external annular 
recess 18002g having an externally threaded connection, and an internal annular recess 
18002h having an internally threaded connection at another end. An end of a tubular 
actuator barrel 18004 that defines radial passages, 18004a and 18004b. at one end and 
radial passages, 18004c and 18004d, includes an internally threaded connection 18004e at 
one end that mates with, receives, and is threadably coupled to the external annular recess 
18002g of the upper tubular support member 18002 and abuts and end face of the external 
flange 18002f of the upper tubular support member and an internally threaded connection 
18004f at another end. 

[00170] Torsional locking pins, 18006a and 18006b, are coupled to and mounted 
within the external radial mounting holes, 18002b and 18002c. respectively, of the upper 
tubular support member and received within the radial passages, 18004a and 18004b, of the 
end of the tubular actuator barrel 18004. The other end of the tubular actuator barrel 18004 
receives and is threadably coupled to an end of a tubular barrel connector 18008 that 
defines an intemal annular recess 18008a, external radial mounting holes. 18008b and 
18008c, radial passages, 18008d and 18008e, and external radial mounting holes, 18008f 
and 18008g and includes circumferentially spaced apart teeth 18008h at one end. A sealing 
cartridge 18010 is received within and coupled to the internal annular recess 18008a of the 
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tubular barrel connector 18008 for fluidicly sealing the internee between the tubular banfBl 
connector and the sealing cartridge. Torsional locking pins, 18012a and 18012b, are 
coupled to and mounted within the external radial mounting holes, 18008b and 18008c, 
respectively, of the tubular barrel connector 18008 and received within the radial passages, 
18004c and 18004d, of the tubular actuator banrel 18004. 

[00171] A tubular member 1 8014 that defines a longitudinal passage 1 8014a having 
one or more intemal splines 18014b at one end and drcumferentiaily spaced apart teeth 
18014c at another end for engaging the drcumferentiaily spaced apart teeth 18008h of the 
tubular barrel connector 18008 mates with and is received within the actuator ban^1 18004 
and the one end of the tubular member abuts an end face of the other end of the upper 
tubular support member 1 8002 and at another end abuts and end face of the tubular barrel 
connector 18008. A tubular guide member 18016 that defines a longitudinal passage 
18016a having a tapered opening 18016aa, and radial passages, 18016b and 18016c, 
includes an external flange 18016d having an externally threaded connection at one end Uiat 
is received within and coupled to the intemal annular recess 1 8002h of the upper tubular 
support member 1 8002. 

[001 72] The other end of the tubular banel connedor 1 8008 is threadably coupled to 
and is received within an end of a tubular actuator barrel 18018 that defines a longitudinal 
passage 18018a, radial passages, 18018b and 18018c, and radial passages, 18018d and 
18018e. Torsional locking pins, 18020a and 18020b, are coupled to and mounted wittiln the 
extemal ledial mounting holes, 18008f and 18008g, respectively, of the tubular barrel 
connedor 18008 and received within the radial passages. 18018b and 18018c, of the tubular 
actuator barrel 18018. The other end of the tubular aduator bannel 18018 receives and is 
threadably coupled to an end of a tubular banel connedor 18022 that defines an internal 
annular recess 18022a, extemal radial mounting holes, 18022b and 18022c, radial 
passages, 18022d and 18022e, and extemal radial mounting holes, 18022r and 18022g. A 
sealing cartndge 1 8024 is received within and coupled to the intemal annular recess 1 8022a 
of the tubular bannel connedor 1 8022 for fluidicly sealing the interface between the tubular 
barrel connedor and the sealing cartridge. Torsional loddng pins, 18024a and 18024b, are 
coupled to and mounted within the extemal radial mounting holes, 18022b and 18022c, 
respectively, of the banel connedor 18022 and received within the radial passages, 18018d 
and 18018e, of the tubular aduator barrel 18018. 

[00173] The other end of the tubular banel connedor 1 8022 is threadably coupled to 
and is received within an end of a tubular actuator banrel 18026 that defines a longitudinal 
passage 18026a, radial passages, 18026b and 18026c, and radial passages, 18026d and 
18026e. Torsional locking pins, 18028a and 18028b, are coupled to and mounted within the 
extemal radial mounting holes, 18022f and 18022g, respedivety, of the tubular banel 
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connector 18022 and received within the radial passages, 18026b and 18026c, of the tubular 
actuator ban-el 18026. The other end of the tubular actuator barrel 18026 receives and is 
threadabiy coupled to an end of a tubular banrel connector 18030 that defines an internal 
annular recess 18030a, external radial mounting holes, 18030b and 18030c, radial 
passages, 18030d and 18030e, and external radial mounting holes, 18030f and 18030g. A 
sealing cartridge 18032 is received within and coupled to the internal annular recess 18030a 
of the tubular ba^el connector 18030 for fluidicly sealing the interface between the tubular 
banrel connector and the sealing cartridge. Torsional locking pins. 18034a and 18034b, are 
coupled to and mounted within the external radial mounting holes, 18030b and 18030c, 
respectively, of the tubular banrel connector 18030 and received within the radial passages, 
18026d and 18026e, of the tubular actuator ban^l 18Q26. 

[00174] The other end of the tubular ban-el connector 18Cj30 is threadabiy coupled to 
and is received within an end of a tubular actuator barrel 18036 that defines a longitudinal 
passage 18036a, radial passages, 18036b and 18036c, and radial passages, 18036d and 
18036e. Torsional locking pins, 18038a and 18038b, are coupled to and mounted within the 
extemal radial mounting holes, 18030f and 18030g, respectively, of the tubular banrel 
connector 18030 and receh/ed within the radial passages, 18036b arKi 18Q36c, of the tubular 
actuator barrel 1 8036. The other end of the tubular actuator barrel 1 8036 receives and is 
threadabiy coupled to an end of a tubular banrel connector 18040 that defines an internal 
annular recess 18040a, extemal radial mounting holes, 18040b and 180400, radial 
passages, 18040d and 18040e, and extemal radial mounting holes, 18040f and 18040g. A 
sealing cartridge 18042 is received within and coupled to the internal annular recess 18040a 
of the tubular banrel connector 18040 for fluidicly sealing the interface between the tubular 
banrel connector and the sealing cartridge. Torsional locking pins, 18044a and 18044b, are 
coupled to and mounted within the extemal radial mounting holes, 18040b and 180400, 
respectively, of the tubular banrel connector 18040 and received within the radial passages, 
18036d and 18036e, of the tubular actuator barrel 18036. 

[001 The other end of the tubular banel connector 1 8040 is threadabiy coupled to 
and is received within an end of a tubular actuator bannel 18046 that defines a longitudinal 
passage 18046a, radial passages, 18046b and 18046c, and radial passages, 18046d and 
18046e. Torsional locking pins, 18048a and 18048b, are coupled to and mounted within the 
extemal radial mounting holes, 18040f and 18040g, respectively, of the tubular banrel 
connector 18040 and received v^in the radial passages, 18046b and 18046c, of the tubular 
actuator barrel 18046. The other end of the tubular actuator barrel 18046 receives and is 
threadabiy coupled to an end of a tubular barrel connector 18050 that defines an internal 
annular recess 18050a, extemal radial mounting holes, 18050b and 18050c, radial 
passages, 18050d and 18050e, and extemal radial mounting holes, 18050f and 18050g. A 



sealing cartridge 18052 is received within and coupled to the internal annular recess 18050a 
of the tubular barrel connector 18050 for fluidicly sealing the interface between the tubular 
ban-el connector and the sealing cartridge. Torsional locldng pins, 18054a and 18054bp are 
coupled to and mounted within the external radial mounting holes. 18050b and 18050c, 
respectively, of the tubular banrel connector 18050 and received within the radial passages, 
18046d and 18046e. of the tubular actuator ban^l 18046. 

IpOl 76] The other end of the tubular ban-el connector 1 8050 is threadably coupled to 
and is received within an end of a tubular actuator banel 18056 that defines a longitudinal 
passage 18056a, radial passages, 18056b and 18056c, and radial passages, 18056d and 
18056e. Torsional locldng pins. 18058a and 18058b, are coupled to and mounted vwthin the 
external radial mounting holes, 18050f and 18050g. respectively, of the tubular barrel 
connector 18050 and received within the radial passages, 18056b and 18056c, of the tubular 
actuator banrel 18056. The other end of the tubular actuator banel 1 8056 receives and is 
threadably coupled to an end of a tubular lower stop 18060 that defines an internal annular 
recess 18060a, extemal radial mounting holes, 18060b and 18060c, and an internal annular 
recess 18060d that includes one or more clrcumfierentially spaced apart locldng teeth 
18060e at one end and one or more circumferentially spaced apart locking teeth 18060f at 
the other end. A sealing cartridge 18062 is received within and coupled to the internal 
annular recess 18060a of the tubular lower stop 18060 for fluidicly sealing the interface 
between the tubular lower stop and the sealing cartridge. Torsional locking pins, 18064a 
and 18064b, are coupled to and mounted within the extemal radial mounting holes, 18060b 
and 18060c, respectively, of the tubular lower stop 18060 and received within the radial 
passages, 18056d and 18056e, of the tubular actuator banrel 18056. 
[00177] A connector tube 18066 that defines a longitudinal passage 18066a and 
radial mounting holes, 18066b and 18066c, and includes external splines 18066d at one end 
for engaging the intemal splines 18014b of the tubular member 18014 and radial mounting 
holes, 18066e and 18066f, at another end is received within and sealingfy and movaWy 
engages the Interior surface of the sealing cartridge 18010 mounted within the annular 
recess 18008a of the tubular banel connector 18008. In this manner, during longitudinal 
displacement of the connector tube 18066 relative to the tubular banel connector 18008, a 
fluidic seal is maintained between the exterior surface of the connector tube and the interior 
surface of the tubular barrel connector An end of the connector tube 18066 also receives 
and mates with the other end of the tubular guide member 18016. Mounting screws, 18068a 
and 18068b, are coupled to and received within the radial mounting holes, 18066b and 
18066c, respectively of the connector tube 18066. 

[001781 The other end of the connector tube 18066 is received wdthin and threadably 
coupled to an end of a tubular piston 18070 that defines a longitudinal passage 18070a, 
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radial mounting holes, 18070b and 18070c, radial passages, 18070d and 18070e, and radial 
mounting lioles. 18070f and 18070g, that includes a flange 18070h at one end. A sealing 
cartridge 18072 is mounted onto and sealingly coupled to the exterior of the tubular piston 
18070 proximate the flange 18070h. The sealing cartridge 18072 also mates with and 
sealingly engages the Interior surface of the tubular actuator ban-el 18018. In this manner, 
during longitudinal displacement of the tubular piston 18070 relative to the actuator bamel 
18018, a fluldic seal is maintained between the exterior surface of the piston and the interior 
surface of the actuator banrel. Mounting screws, 18074a and 18074b, are coupled to and 
mounted within the extemal radial mounting holes, 18070b and 18070c, respectively, of the 
tubular piston 18070 and received within the radial passages, 18066e and 18066f, of the 
connector tube 18066. 

[00179] The other end of the tubular piston 1 8070 receives and is threadably coupled 
to an end of a connector tube 18076 that defines a longitudinal passage 18076a, radial 
mounting holes, 18076b and 18076c, at one end and radial mounting holes, 18076d and 
18076e, at another end. The connector tube 18076 is received within and sealingly and 
movably engages the interior surface of the sealing cartridge 18024 mounted within the 
annular recess 18022a of the tubular barrel connector 18022. In this manner, during 
longitudinal displacement of the connector tube 18076 relative to the tubular banrel 
connector 18022, a fluidic seal is maintained between the exterior surface of the connector 
tube and the interior surface of the barrel connector. Mounting screws, 18078a and 18078b, 
are coupled to and mounted within the extemal radial mounting holes, 18070f and 18070g, 
respectively, of the tubular piston 18070 and received within the radial passages, 18076b 
and 18076c, of the connector tube 18076. 

[P018(Q The other end of the connector tube 18076 is received within and threadably 
coupled to an end of a tubular piston 18080 that defines a longitudinal passage 18080a, 
radial mounting holes, 18080b and 18080c, radial passages, 18080d and 18080e, and radial 
mounting holes, 18080f and 18080g, that includes a flange 18080h at one end. A sealing 
cartridge 18082 is mounted onto and sealingly coupled to the exterior of the tubular piston 
18080 proximate the flange 18080h. The sealing cartridge 18082 also mates with and 
sealingly engages the interior surface of the tubular actuator ban-el 18026. In this manner, 
during longitudinal displacement of the tubular piston 18080 relative to the tubular actuator 
barrel 18026, a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator bairel. Mounting screws. 18084a and 18084b, are coupled to 
and mounted within the extemal radial mounting holes, 18080b and 18080c, respectively, of 
the tubular piston 18080 and received within the radial passages, 18076e and 18076f, of the 
connector tube 18076. 

[00181] The other end of the tubular piston 1 8080 receives and is threadably coupled 



to an end of a connector tube 18086 that defines a longitudinal passage 18086a, radial 
mounting holes, 18086b and 18086c, atone end and radial mounting holes, 18086d and 
18086e, at another end. The connector tube 18086 Is received within and sealingly and 
movably engages the interior surface of the sealing cartridge 18032 mounted within the 
annular recess 1 8030a of the tubular banrel connector 1 8030. In this manner, during 
longitudinal displacement of the connector tube 18086 relative to the tubular banrel 
connector 18030, a fluidic seal is maintained between the exterior surface of the connector 
tube and the interior surface of the ban^l connector. Mounting screws, 18088a and 1 8088b, 
are coupled to and mounted within the external radial mounting holes, 18080f and 18080g, 
respectively, of the tubular piston 18080 and received within the radial passages, 180B6b 
and 18086c, of the connector tube 18086. 

[00182] The other end of the connector tube 1 8086 is received within and threadably 
coupled to an end of a tubular piston 18090 that defines a longitudinal passage 18090a, 
radial mounting holes, 18090b and 18090c, radial passages, 18090d and 18090e, and radial- 
mounting holes, 18090f and 18090g, that includes a flange 18090h at one end. A sealing 
cartridge 18092 is mounted onto and sealingly coupled to the exterior of the tubular piston 
18090 proximate the flange 18090h. The sealing cartridge 18092 also mates with and 
sealingly engages the interior surface of the tubular actuator banrel 18036. In this manner, 
during longitudinal displacement of the tubular piston 18090 relative to the tubular actuator 
barrel 18036, a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of tlie actuator barrel. Mounting screws, 18094a and 18094b, are coupled to 
and mounted wthin the external radial mounting holes, 18090b and 18090c, respectively, of 
the tubular piston 18090 and received within the radial passages, 18086e and 1808ef, of the 
connector tube 18086. 

[001831 "Th® <)^r c)f the tubular piston 18090 receives and is threadably coupled 
to an end of a connector tube 18096 that defines a longitudinal passage 18096a, radial 
mounting holes, 1B096b and 18096c, at one end and radial mounting holes, 18096d and 
18096e, at another end. The connector tube 18096 is received v^in and sealingly and 
movably engages the interior surface of the sealing cartridge 18042 mounted v^in thie 
annular recess 18040a of the tubular barrel connector 18040. In this manner, during 
longitudinal displacement of the connector tube 18096 relative to the tubular bannel 
connector 18040, a fluidic seal is maintained between the exterior surface of the connector 
tube and the interior surface of the banrel connector. Mounting screws, 18098a and 18098b, 
are coupled to and mounted v\nthin the external radial mounting holes, 18090f and 18090g, 
respectively, of the tubular piston 18090 and received within the redial passages, 18096b 
and 18096c, of the connector tube 18096. 

P)D184] The other end of the connector tube 1 8096 is received v^in and threadably 



coupled to an end of a tubular piston 18100 that defines a longitudinal passage 18100a, 
radial mounting holes, IBIODb and 18100c, radial passages. 18100d and 18100e, and radial 
mounting holes. 18100f and 18100g, that includes a flange IBIOOh at one end. A sealing 
cartridge 18102 is mounted onto and sealingly coupled to the exterior of the tubular piston 
18100 proximate the flange 18100h. The sealing cartridge 18102 also mates with and 
sealingly engages the interior surface of the tubular actuator banel 18046. In this manner, 
during longitudinal displacement of the tubular piston 18100 relative to the tubular actuator 
barrel 1 8046, a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator ban-el. Mounting screws, 18104a and 18104b, am coupled to 
and mounted within the external radial mounting holes, 18100b and 18100c, respectively, of 
the tubular piston 18100 and received within the radial passages, 18096e and 18096f, of the 
connector tube 18096. 

100186] The other end of the tubular piston 181 00 receives and is threadably coupled 
to an end of a connector tube 18106 that defines a longitudinal passage 18106a, radial 
mounting holes, 18106b and 18106c, at one end and radial mounting holes, 18106d and 
18106e. at another end. The connector tube 18106 Is received within and sealingly and 
movably engages the Interior surface of the sealbig cartridge 18052 mounted within the 
annular recess 18050a of the tubular barrel connector 18050. In this manner, during 
longitudinal displacement of the connector tube 18106 relative to the tubular barrel 
connector 18050, a fluidic seal is maintained between the exterior surface of the connector 
tube and the interior surface of the banel connector. Mounting screws, 18108a and 18108b. 
are coupled to and mounted wtthin the external radial mounting holes. 18100f and 18100g, 
respecth/ely. of the tubular piston 18100 and received within the radial passages, 18106b • 
and 18106c, of the connector tube 18106. 

[001861 The other end of the connector tube 18106 Is received within and threadably 
coupled to an end of a tubular piston 181 10 that defines a longitudinal passage 181 10a, 
radial mounting holes, 18110b and 18110c radial passages. 18110d and 18110e. radial 
mounting holes, 18110f and 18110g, that includes a flange 181 lOh at one end and 
circumferentially spaced teeth 1 8 1 1 0i at another end for engaging the one or more 
drcumferentially spaced apart locking teeth 18060e of the tubular lower stop 18060. A 
seaBng cartridge 18112 is mounted onto and sealingly coupled to the exterior of the tubular 
piston 181 10 proximate the flange 181 1 0h. The sealing cartridge 181 12 also mates with and 
sealingly engages the interior surface of the actuator banel 18056. In this manner, during 
longitudinal displacement of the tubular piston 181 10 relative to the actuator ban^el 18056. a 
fluidic seal is maintained between the exterior surface of the piston and the interior surface 
of the actuator barrel. Mounting screws, 1 81 14a and 1 81 14b, are coupled to and mounted 
within the external radial mounting holes, 181 10b and 181 10c. respeclwely, of the tubular 



piston 18110 and received within tfie radiai passages. 18106d and 18106e. of tlie connector 
tube 18106. 

100187] The other end of the tubuiar piston 18110 receives and is threadably coupled 
to an end of a connector tube 18116that defines a iongitudinai passage 18116a, radial 
mounting holes, 18116b and 181 16c at one end and radial mounting holes. 18l'l6d and 
18116e, at another end that includes an external flange 18116f that includes 
circumferentially spaced apart teeth 181 16g that extend from an end face of the external 
flange for engaging the teeth 18060f of the tubular lower stop 18060. and an externally 
threaded connection 18ll6h at another end. The connector tube 18116 is received within 
and sealingly and movably engages the interior surface of the sealing cartridge 18062 
mounted within the annular recess 18C60a of the lower tubular stop 18060. In this manner, 
during longitudinal displacement of the connector tube 181 16 relative to the lower tubular ' 
stop 18060. a fluidic seal is maintained between the exterior surface of the connector tube 
and the Interior surface of the lower tubular stop. Mounting screws. 181 18a and 181 18b, are 
coupled to and mounted within the external radial mounting holes, 181 lOf and 181 lOg, 
respectively, of the tubular piston 18110 and received within the radial passages, 18116b • 
and 18116c, of the connector tube 18116. 

[POISq In an exemplary embodiment as illustrated in Figs. 13A1 to 13A8. the 
internally threaded connection 18002e of the upper tubular support member 1 8002 receives 
and 18 coupled to the externally threaded connection 1234g of the lower mandrel 1234 of the 
ball grabber assembly 16 and the externally threaded connection 18116h of the connector 
tube 18116 Is received within and is coupled to an internally threaded connection 20a of an 
end of the safety sub assembly 20. 

IP0189] In an exemplary embodiment, as illustrated in Figs. 13A1 to 13A8, during 
operation of the tension actuator assembly 18. the tension actuator assembly is positioned 
within the expandable welibore casing 100 and fluidic material 18200 is injeded into the 
tension actuator assembly through the passages 18002a, 18016a, 18066a, 18070a. 18076a, 
18080a, 18086a. 18090a. 18096a. 18100a, 18106a, 18110a, and 18116a. The injected 
fluidic material 18200 vAll also pass through the radial passages. 18070d and 18070e, 
18080d and 18080e, 18090d and 18090e. 18100dand 18100e. 18110dand 18110e.'ofthe 
tubular pistons. 18070. 18080. 18090. 18100. and 18110. respectively, into annular (ilston 
chambers. 18202, 18204. 18206, 18208. 18208, and 18210. 
mm As illustrated in Figs. 13B1 to 13B7. the operating pressure of the fluidic 
material 18200 may then be increased by. for example, controllably blocking or limiting the 
flow of the fluidic material through the passage 18116a and/or increasing the operating 
pressure of ttie outlet of a pumping device for injecting the fluidic material 18200 into the 
tension actuator assembly 18. As a result, of tfie increased operating pressure of ttie fluidic 
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material 18200 wfthh the tension actuator assembly 18, the operating pressures of the 
annular piston chambers, 18202, 18204. 18206. 18208, 18208, and 18210, will be increased 
sufficiently to displace the tubular pistons, 18070. 18080, 18090. 18100, and 18110, 
upwardly In the direction 18212 thereby also displacing the connector tube 18116. As a 
result, a upward tensile force is applied to all elements of the system 10 coupled to and 
positioned below the connector tube 181 16. In an exemplary embodiment, during the 
upward displacement of the tubular pistons, 18070, 18080, 18090, 18100, and 18110, fluldic 
materials displaced by ttie tubular pistons within disdiarge annular chambers, 18214, 18216, 
18218. 18220, and 18222 are exhausted out of the tension actuator assembly 18 through 
the radial passages, 18008d and 18008e. 18022d and 18022e, 18030d and 18030e, 18040d 
and 18040e, 18050d and 18050e, respectively. Furthemiore. in an exemplary embodiment, 
the upward displacement of the tubular pistons. 18070, 18080, 18090, 18100, and 18110. 
further causes the external splines 18066d of the connector tube 18066 to engage the 
internal splines 18014b of the tubular member 18014 and the clrcumferentlally spaced apart 
teeth 181 16g of the connector tube 18116 to engage the drcumferentially spaced teeth 
18060f of the tubular lower stop 18060. As a result of the Interaction of the extemal splines 
18066d of the connector tube 18066 to engage the Internal splines 18014b of the tubular 
member 18014 and the drcumferentially spaced apart teeth 1 81 16g of the connector tube 
181 16 to engage the clrcumferentlally spaced teeth 18060f of the tubular lower stop 18060, 
torsional loads may be transmitted through the tension actuator assembly 18. 
IP01911 in an exemplary embodiment, as illustrated In Fig. 14A, the safety sub 
assembly 20 includes a tubular body 200a that defines a longitudinal passage 200b and 
Includes an extemal flange 200c and an internal annular recess 200d at one end, and 
extemal annular recesses. 200e. 200f. 200g, and 200h at another end. A sealing member 
202 is positioned within the extemal annular recess 200h at the other end of the tubular body 
200a. 

IP01921 In an exemplary embodiment, as Illustrated In Rgs. 14A. 14B and 14C. the 
seaOng cup assembly 22 Includes an upper tubular mandrel 2202 that defines a longitudinal 
passage 2202a and Internally threaded radial .mounting holes, 2202b and 2202c, and 
includes an internal annular recess 2202d at one end. an internal annular recess 2202e, an 
Internal annular recess 2202f, an Internal annular recess 2202a. and an Internally threaded 
internal annular recess 2202h and an extemal flange 22021 at another end. The internal 
annular recesses, 2202d, 2202e, and 2202f, of the upper tubular mandrel 2202 of the 
sealing cup assembly 22 receive, mate with, and are coupled to the other end of the tubular 
body 200a of the safety sub assembly 20. 

[00193] An externally threaded end of a lower tubular mandrel 2204 that defines a 
longitudinal passage 2204a and includes an extemal annular recess 2204b at one end an 



external annular recess 2204c, an external flange 2204d. an external annular recess 2204e. 
an externally threaded external flange 2204f. and an external annular recess 2204g at 
another end mates with, Is received within, and Is coupled to the Internal annular recesses. 
2202g and 2202h, of the other end of the upper tubular mandrel 2202. 
roOl 941 Mounting screws. 2250a and 2205b, are received within and coupled to the 
mounting holes. 2202c and 2202b, respecUvely, of the tubular mandrel 2202 that extend into 
and engage the external annular recess 2204c of the lower tubular mandrel 2204. 
poisq A tubular cup seal spacer 2206 receives and is mounted upon the lower 
tubular mandrel 2204 proximate the external flange 22021 of the upper tubular mandrel 2202. 
A tubular cup seal retainer 2208 that includes an internal flange 2208a at one end receives 
and is mounted upon the lower tubular mandrel 2204 proximate the tubular cup seal spacer 
2206. Atubular cup seal retainer 2210 that includes an Internal flange 2210a at one end 
receives and is mounted upon the lower tubular mandrel 2204 proximate the other end of the 
tubular cup seal retainer 2208. In an exemplary embodiment, the tubular cup seal retainer 
2210 is nested within the other end of the tubular cup seal retainer 2208. A tubular cup seal 
2212 that Includes an Internal flange 2212a at one end receives and is mounted upon the 
lower tubular mandrel 2204 proximate the other end of the tubular cup seal retainer 22 1 0. In 
an exemplary embodiment, the tubular cup seal 2212 Is nested within the other end of the 
tubular cup seal retainer 221 0. 

P)019q A seafing member 221 1 1s received within the external annular recess 2204b 
of the lower tubular mandrel 2204 for seafing the interface between the lower tubular 
mandrel and the upper tubular mandrel 2202. 

[00197] A tubular spacer 2214 receives and is mounted upon the lower tubular 
mandrel 2204 proximate the other end of the tubular cup seal 221Z 
[00198] A tubular cup seal spacer 221 6 receives and is mounted upon the lower 
tubular mandrel 2204 proximate the other end of the tubular spacer 2214. A tubular cup seal 
retainer 2218 that includes an internal flange 2218a at one end receives and is mounted 
upon the lower tubular mandrel 2204 proximate the other end of the tubular cup seal spacer 
2216. A tubular cup seal retainer 2220 that includes an Internal flange 2220a at one end 
receives and is mounted upon the lower tubular mandrel 2204 proximate the other end of the 
tubular cup seal retainer 2218. In an exemplary embodiment, the tubular cup seal retainer 
2220 is nested within the other end of the tubular cup seal retainer 2218. A tubular cup seal 
2222 that includes an internal flange 2222a at one end receives and is mounted upon the 
lower tubular mandrel 2204 proximate the other end of the tubular cup seal retainer 2220. In 
an exemplary embodiment, the tubular cup seal 2222 is nested within the other end of the 
tubular cup seal retainer 2220. 

[P01991 A tubular spacer 2224 receives and is mounted upon the lower tubular 



mandrel 2204 proximate the other end of the tubular cup seal 2222 at one end and 
proximate the external flange 2204d of the lower tubular mandrel at another end. A retaining 
ring 2226 receives and is mounted upon the other end of the tubular spacer 2224 proximate 
the external flange 2204d of the lower tubular mandrel 2204. 

[00200] In an exemplary embodiment, during operation of the system 10, the end of 
the tubular body 200a of the safety sub assembly 20 is coupled to and receives and is 
coupled to an end of the tension actuator assembly 18 and the other end of the lower tubular 
mandrel 2204 of the sealing cup assembly 22 is received within and is coupled to an end of 
the casing lock assembly 24. 

[00201] In an exemplary embodiment, during operation of the system 10, the tubular 
cup seals, 2212 and/or 2222, sealingly engage the interior surface of the expandable tubular 
member 100. In this manner, when an annulus defined between the system 10 and the 
expandable weiibore casing 10, below the tubular cup seals. 2212 and/or 2222, is 
pressurized, the resulting pressure differential across the tubular cup seals applies an 
upward tensile force to the system thereby pulling the adjustable bell section expansion cone 
assembly 28 and/or the adjustable casing expansion cone assembly 30 through the 
expandable weiibore casing. In this manner, the adjustable bell section expansion cone 
assembly 28 and/or the adjustable casing expansion cone assembly 30. if either or both are 
adjusted to an outside diameter suitable for a radial expansion operation, may radially 
expand and plastically deform the expandable weiibore casing 100. 

[00202] In an exemplary embodiment, the sealing cup assembly 22 operates and is 
provided substantially, at least in part, as disclosed in one or more of the following: (1) PCT 
patent application serial number PCT/US02/36157, attorney docket number 25791.87.02, 
filed on 11/12/2002, and/or (2) PCT patent application serial number PCT/US02/36267, 
attorney docket number 25791.88.02, filed on 11/12/2002. and/or (3) PCT patent application 
serial number PCT/US03/04837, attorney docket number 25791.95.02, filed on 2/29/2003. 
and/or (4) PCT patent application serial number PCT/US03/29859, attorney docket no. 
25791.102.02. filed on 9/22/2003. and/or (5) PCT patent application serial number 
PCT/US03/14153. attorney docket number 25791.104.02. filed on 11/13/2003. and/or (6) 
PCT patent application serial number PCT/US03/18530, attorney docket number 
25791.108.02, filed on 6/11/2003, the disclosures of which are incorporated herein by 
reference. 



[00203] In an exemplary embodiment, the casing lock assembly 24 operates and is 
provided substantially, at least in part, as disclosed in one or more of the following: (1) PCX 
patent application serial number PCT/US02/36267, attorney docket number 25791.88.02. 
filed on 11/12/2002, and/or (2) PCT patent application serial number PCT/US03/29859. 
attomey docket no. 25791.102.02. filed on 9/22/2003. and/or (3) PCT patent application 
serial number PCT/US03/14153. attorney docket number 25791.104.02, filed on 11/13/2003. 
and/or (4) PCT patent application serial number PCT/US04/07711, attorney docket number 
25791.253.02. filed on 3/11/2004. the disclosures of which are incorporated herein by 
reference. 

[00204] In an exemplary embodiment, the extension actuator assembly 26 operates and 
is provided substantially, at least in part, as disclosed in one or more of the following: (1) 
PCT patent application serial number PCT/US02/36267, attorney docket number 
25791.88.02, filed on 11/12/2002, and/or (2) PCT patent application serial number 
PCT/US03/29859, attomey docket no, 25791.102.02. filed on 9/22/2003, and/or (3) PCT 
patent application serial number PCT/US03/13787. attorney docket number 25791.107.02, 
filed on 5/5/2003, and/or (4) PCT patent application serial number PCT/US03/29460, 
attorney docket number 25791.114.02. filed on 9/22/2003. the disclosures of which are 
incorporated herein by reference. 

[00205] In an exemplary embodiment, as illustrated in Figs. 15-1, 15-2, 15A1, 15A2, 
15B1. 15B2. 15C1. 15C2. 15D, 15E1 to 15E5, 15F1 to 15F5, and 15G1 to 15G5. the 
extension actuator assembly 26, combines the functionality of the casing lock assembly 24 
with the functionality of the extension actuator assembly, and includes a tubular upper tool 



joint 26002 that, defines a longitudinal passage 26002a and mounting holes, 26002b and 
26002c, and includes an internal threaded connection 26002d at one end, an external flange 
260026, an external recess 26002f having an external threaded connection, a tapered 
recess 26002g, and an external recess 26002h and an internal recess 260021 at another 
end. An end of an upper pull-nut tube 26004 that defines a longitudinal passage 26004a 
and includes an external recess 26004b and an internally threaded internal recess 26004c at 
another end is received within and mates with the longitudinal passage 26002a of the tubular 
upper tool joint 26002. 

pi 00] An externally threaded end of a tubular inner mandrel 26006 that defines a 
longitudinal passage 26006a and radial passages, 26006b, 26006c, 26006d, and 26006e, 
and includes an extemally threaded connection 26006f at another end mates with, is 
received within, and is coupled to the intemalty threaded recess 26004c of the upper pull-nut 
tube 26004. An internally threaded end of an lower pull-nut tube 26008 that defines a 
longitudinal passage 26008a and includes an external recess 26008b receives, mates with, 
and is coupled to extemally threaded connection 2600ef of the tubular inner mandrel 26006. 
[0101] An internal flange 2601 Oa of an end of a tubular lock mandrel 2601 0 that 
defines a longitudinal passage 26010b, radial passages, 26010c and 2601 Od, a radial 
passage 2601 Oe, and a radial passage 26010f having an internal annular recess 2601Gla 
and includes an external flange 2601 Og that mates vm\ and is received within the internal 
recess 260021 of the tubular upper tool Joint 26002, an external annular recess 26010h, an 
external flange 260101, an external flange 26010j, an external flange 26010k, an external 
flange 260101, an external flange 26010m that Includes an external annular recess 
26010ma, an extemal flange 26010n that defines mounting holes, 26010o and 26010p, an 
external annular recess 2601 Oq, an extemal annular recess 26010r, and a tapered annular 
recess 26010s at another end receives and mates with the tubular inner mandrel 26006. 
Internal flanges, 26012a and 26012b, of a first locking dog 26012 that defines a radial 
passage 26012c and includes spring amns, 26012d and 26012e, and an extemal flange 
2601 2f including extemal teeth 2601 2g are positioned upon the extemal flanges, 2601 (K and 
2601 Oj, of the tubular lock mandrel 26010. Internal flanges, 26014a and 26014b, of a 
second locking dog 26014 that defines a radial passage 26014c and includes spring arms, 
26014d and 26014e, and an extemal flange 26014f including extemal teeth 26014g are 
positioned upon the extemal flanges, 260101 and 26010], of the tubular lock mandrel 26010. 
[0102] An intemalty threaded end of a tubular retainer sleeve 2601 6 that defines a 
longitudinal passage 26016a, radial passages, 26016b and 26016c, at one end, radial 
passages, 2601 6d and 2601 6e, for receiving and mating with the extemal flanges, 26012f 
and 26014f, respectively, of the first and second locking dc^s, 26012 and 26014, 
respectively, and radial passages, 2601 6f and 26016g, at another end and includes a 



tapered internal flange 2601 6h, a tapered internal recess 260161 that receives and mates 
with the spring arms, 26012d and 26014d, and ends of the first and second locking dogs, 
respectively, a tapered internal recess 2601 6j that receives and mates with the springs arnns, 
260126 and 26014e, and other ends of the first and second locking dogs, respectively, a 
tapered internal flange 26016k, and an internal threaded connection 260161 at another end 
receives, mates with, and is coupled to the externally threaded connection 26002f of the erKi 
of the tubular upper tool joint 26002. The ends of the spring amis, 26012d and 26014d, of 
the first and second locking dogs, 26012 and 26014, respectively, are held between the 
intemal surface of the end of the tapered intemal recess 260161 of the tubular retainer sleeve 
26016 and the external surface of the end of the tapered external annular recess 26002h of 
the tubular upper tool joint 26002. 

[010^ An externally threaded connection 2601 Ba of an end of a tubular connector 
26018 that defines mounting holes, 26018a and 26018b, and mounting holes, 26018c and 
26018d, and includes a tapered external annular recess 2601 8e at one end, an external 
annular recess 2601 8f and an extemal annular recess 2601 8g at another end is received 
within, mates with, and is coupled to the intemal threaded connection 260161 of the end of 
the tubular retainer sleeve 26016. The ends of the spring amns, 26012e and 26014e, of the 
first and second locking dogs, 26012 and 26014, respectively, are held between the intemal 
surface of the end of the tapered intemal recess 26016] of the tubular retainer sleeve 26016 
and the extemal surface of the end of the tapered extemal annular recess 26018e of the 
tutHJiar connector 26018. 

piim A sealing member 26020 Is received within the extemal annular recess 2601 Oh of 
the tubular lock mandrel 26010 for sealing the interfece between the tubular lock mandrel 
and the tubular upper tool Joint 26002. A sealing memt>er 26022 is received within the 
extemal annular recess 2601 Oq of the tubular lock mandrel 26010 for sealing the interface 
between the tubular k)ck mandrel and the tubular connector 26018. 
P)10q A tubular face seal 26024, tubular face seal back-oip 26026, a spring 26028, and 
a plunger 26030 are mounted upon and retained upon the extemal annular recess 2601 8g of 
the tubular connector 26018 by a snap ring 26032 that is coupled to the extemal annular 
recess of the tubular connector. A burst disk 26034 and tubular burst disk bushing 26036 
are mounted within the radial passage 2601 Of of the tubular lock mandrel 26010, and a 
sealing member 26038 is received within the intemal annular recess 2601 Ofa of the radial 
passage of the tubular lock mandrel for sealing the interface between the tubular burst disk 
bushing and the tubular lock mandrel. 

[0106] An internally threaded end 26040a of a tubular release t>ody 26040 that defines 
a longitudinal passage 26040b, radial passages, 26040c and 26040d, radial mounting holes, 
26040e and 26040f, radial mounting holes, 26040g and 26040h. and Includes an intemal 
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flange 26040i that mates with and receives the external flange 2601 On of the tubular lock 
mandrel 26010, an intemal flange 26040j that mates with and receives the tubular lock 
mandrel receives, and an external annular recess 26040k mates with, and is coupled to an 
externally threaded end 2601 8h of the tubular connector 26018. A sealing member 26042 
received vwthin the external annular recess 26018f of the tubular connector 26018 seals the 
Interface between the tubular connector and the tubular release body 26040. A sealing 
member 26044 received within the external annular recess 2601 Oma of the tubular lock 
mandrel 26010 seals the interface between the tubular lock mandrel and the tubular release 
body 26040. Shear pins, 26046a and 26046b, are received within and coupled to the radial 
mounting holes, 26010o and 26040e. and 26010p and 26040f, respectively, of the tubular 
lock mandrel 26010 and tubular release body 26040, respectively. Torque pins, 26048a and 
26048b, are received within and coupled to the radial mounting holes, 26018c and 26018d. 
respectively, of the tubular connector 26018 that also extend into the radial passages, 
26040c and 26040d, respectively, of the tubular release body 26040. A sealing member 
26050 received within the exlemal annular recess 2601 Or of the tubular lock mandrel 26010 
seals the interface between the tubular lock mandrel and the intemal flange 26040j of the 
tubular release body 26040. 

[0107] An internally threaded end 26052a of a tubular extender banrel 26052 that 
defines a longitudinal passage 26052b, radial passages, 26052c and 26052d, and radial 
passages, 26052e and 26052f, and includes receives, mates v^, and is coupled to an 
external threaded connection 260401 of the tubular release body 26040. A sealing member 
26054 received within the external annular recess 26040k of the tubular release body 26040 
seals the Interface between the tubular release body and the tubular extender barrel 26052. 
pnoq An external threaded connection 26056a of an end of a tubular lower bushing 
26056 that defines a longitudinal passage 26056b and mounting holes. 26056c and 26056d. 
and includes an Intemal annular recess 26056e, an Intemal annular recess 26056f, a 
plurality of circumferentially spaced apart teeth 26056g at one end, a plurality of 
circumferentially spaced apart teeth 26056h at another end, and an external annular recess 
260561 is received within, mates with, and is coupled to an intemal threaded connection 
26052m of the tubular extender barrel 26052. Torque pins, 26058a and 26058b, are 
mounted wnthin and coupled to the mounting holes, 26056c and 26056d, respectively, of the 
tubular lower bushing 26056 that also extend into the radial passages, 26052e and 26052f, 
respectively, of the tubular extender banel 26052. 

[01091 A tubular connecting rod 26060 that defines a longitudinal passage 26060a that 
receives and mates with the lower pull-nut tube 26008, radial passages, 26060b and 
26060c, and radial mounting holes, 26060d and 26060e, and includes an external threaded 
connection 26060f at one end, and an external threaded connection 26060g at another end 



IS slidably recefved within the longitudinal passage 25056b of the tubular lower bushing 
26056. An internal tiireaded connection 26062a of an inner mandrel tubular piston 26062 
that defines mounting holes, 26062b and 26062c, and includes an internal flange 26062d at 
one end that receives and mates with the tubular inner mandrel 26006, an extemal annular 
recess 26062e, and a plurality of circumferentiaily spaced apart teeth 26062f at another end 
receives, mates with, and is coupled to the extemal threaded connection 26060f of the 
tubular connecting rod 26060. 

[01 im Torque screws, 26064a and 26064b, are mounted within and coupled to the 
mounting holes, 26062b and 26062c, respectively, of the inner mandrel tubular piston 26062 
that also extend into the radial passages, 26060b and 26060c. of the tubular connecting rod 
26060. A sealing member 26066 positioned within the extemal annular recess 26062e of 
the inner mandrel tubular piston 26062 seals the interface between the inner tubular piston 
and the tubular extender ban-el 26052. A sealing member 26068 positioned within the 
extemal annular recess 26056i of the tubular lower bushing 26056 seals the interface 
between the tubular lower bushing and the tubular extender ban^i 26052. 
[0111] A packing sealing element 26070 is received within the intemal annular recess 
25056f of the tubular lovier bushing 26056. and a packing retainer 26072 is received within 
the intemal annular recess 26056e of the tubular lower bushing for sealing the interface 
between the tubular lower bushing and the tubular connecting rod 26060. The packing 
seating element 26070 and the packing retainer 26072 are retained within the Intemal 
annular recess 25056f of the tubular lower bushing 26056 and Intemal annular recess 
26056e of the tubular lower bushing, respecUvely, by a snap ring 26074 that is coupled to 
the tubular connecting rod 26060. 

[P112] An internally threaded connection 26076a of a tubular lower tool joint 26076 that 
defines a longitudinal passage 26076b, radial mounting holes, 26076c and 26076d, and 
radial mounbng holes, 26076e and 2607ef, and includes an intemal annular recess 26076g 
and an external annular recess 26076h reoeh^es, mates with, and is coupled to an extemal 
threaded connection 26060g of the tubular connecOng rod 26060. Torque screws. 26078a 
and 26078b. are mounted within and coupled to the mounting holes, 26076c and 26076d, 
respectively, of the tubular lower tool joint 26076 that also extend into the radial passages, 
26060d and 26060e, of the tubular connecting rod 26060. A sealing member 26080 is 
received within the intemal annular recess 26076g of the tubular lower tool joint 26076 for 
sealing the interface between the tubular lower tool joint and the tubular connecting rod 
26060. 

IPIiq In an exemplary embodiment during operation of the extension actuator 
assembly 26, as illustrated in Rgs. 15E1 to 15E5, the extension actuator assembly is 
positioned within the wellbore 102, the intemal threaded connection 26002d of the tubular 
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upper tool Joint 26002 receives, mates with, and Is coupled to an end of the sealing cup 
assembly 22, and the end of the tubular lower tool joint 26076 is received within, mates with, 
and is coupled to an end of the adjustable beH section expansion cone assembly 28. In an 
exemplary embodiment, a portion 100a of the expandable wellbore casing 100 includes 
intemal teeth 100b that engage with, and are coupled to, the extemal teeth, 26012g and 
26014g, of the first and second locking dogs, 26012 and 26014, respectively. In this 
manner, the expandable weflbore casing 100 is locked to the extension actuator assembly 
26 of the system 10. 

[Ollfl In an exemplary embodiment, during the operation of the extension actuator 
assembly 26, a fluldic material 26100 may then be injected into the extension actuator 
assembly through the longitudinal passages 26004a. 26006a, and 26008a of the upper pull- 
nut tube 26004, tubular inner mandrel 26006, and lower pull-nut tube 26008, respectively, 
thereby pressurizing the longitudinal passages of the upper pull-nut tube, tubular inner 
mandrel, and lower pulkiut tube. As a result, the fluidic material 26100 is also conveyed 
through the radial passage 26006c of the tubular Inner mandrel 26006 into and through an 
annulus 26102 defined between the tubular inner mandrel and the tubular lock mandrel 
26010. The fluidic material 26100 is then conveyed into an annulus 26104 defined between 
the tubular Inner mandrel 26006 and the tubular extender barrel 26052 proximate an end 
fece of the Inner mandrel tubular piston 26062. 

lOllfi] In an exemplary embodiment, as illustrated In Figs. 15F1 to 15F5. the continued 
injection of the fluidic material 26100 into the extension actuator assembly 26 will then 
displace the Inner mandrel tubular piston 26062 downwaitlly in a directton 26106. As a 
result, the tubular connecting rod 26060 and the tubular lower tool joint 26076 are also 
displaced downwanlly in the direction 26106. 

lOiiq In an exemplary embodiment as illustrated In F^. 15G1 to 16G6. the continued 
injection of the fluidic material 26100 into the extension actuator assembly 26 will then 
further displace the inner mandrel tubular piston 26062 downwardly in the directton 26106 
until an end face of the inner flange 26062d of the inner mandrel tubular piston eng^es an 
end face of Oie lower pull-nut tube 26008. As a result, the lower pull-nut tube 26008, the 
tubular inner mandrel 26006, the upper pulkiut tube 26004, and the tubular lock mandrel 
26010 are also displaced downwardly in the direction 26106 thereby shearing the shear 
pins, 26064a and 26064b, and disengaging the tubular lock mandrel from the tubular release 
body 26040. 

IP1171 The continued injection of the fluidic material 26100 into the extension actuator 
assembly 26 will then further displace the tubular lock mandrel 26010 downwardly in the 
direction 26106 thereby displacing the external flanges. 260101 and 26010|. of the tubular 
lock mandrel out of engagement with the intemal flanges. 26012a and 26012b and 26014a 



and 26014b. of the first and second locking dogs, 26012 and 26014, respecbVeiy. As a 
result, a spring bias force in an inner radial direction is applied by the spring amis, 2601 2d 
and 26012e, and 26014d and 26014e, of the first and second locking dogs, 26012 and 
26014, respectively, to the first and second locking dogs thereby displacing the first and 
second locking dogs in an inner radial direction out of engagement with the portion 100a of 
the expandable wellbore casing 100. As a result, the expandable wellbore casing 100 is no 
longer locked to the first and second locking dogs, 26012 and 26014, of the extension 
actuator assembly 26. 

[01 1 8] In an exemplary embodiment, during operation of the extension actuator 
assembly 26, the expandable wellbore casing 100 may also be un-locked from engagement 
with the first and second locking dogs. 26012 and 26014, of the extension actuator assembly 
by increasing the operating pressure of the fluidic material 26100 above a predetermined 
level suffident to nipture the burst disk 26034. As a resutt, the fluidic material 26100 will 
enter an annulus 26108 defined between the tubular lock mandrel 26010 and the tubular 
release body 26040. As a result, the tubular tock mandrel 26010 vwll be displaced 
downwardly in the direction 26106 thereby displacing the external flanges, 260101 and 
2601 Oj, of the tubular lock mandrel out of engagement with the internal flanges, 26012a and 
26012b, and 26014a and 26014b, of the first and second locking dogs, 26012 and 26014. 
respectively. As a result, a spring bias force in an inner radial direction is applied by the 
spring amis, 26012d and 26012e, and 26014d and 26014e, of the first and second locking 
dogs, 26012 and 26014, respectively, to the first and second bcking dogs thereby displacing 
the first and second locking dogs in an inner radial direction out of engagement with the 
portion 100a of the expandable wellbore casing 100. As a result, the expandable wellbore 
casing 100 is no tonger locked to the first and second k>cking dogs, 26012 and 26014, of the 
extension actuator assembly 26. in an exemplary embodiment, the predetermined operating 
pressure of the fluidic material 261 00 sufiicient to mpture the burst disk 26034 is selected to 
provide a release of the expandable wellbore casing 100 from engagement with the first and 
second locking dogs, 26012 and 26104, in the event of an emergency operating condition 
during the operation of the system 10. 

[0119] In an exemplary embodiment, the pressurization of the longitudinal passages 
26004a, 26006a, and 26008a of the upper pulMiut tube 26004, tubular inner mandrel 26006, 
and lower pull-nut tube 26008, respectively, caused by the injection of the fluidic material 
26100 may be further enhanced by blocking the flow of the fluidic material to those portions 
of the system 10 downstream from the extension actuator assembly 26 by, for example, 
blocking flow through a flow restriction defined in one or more of the elements of the system 
downstream of the extension actuator assembly by placing a i>ail or plug in one or more of 
those flow restrictions. 



[00206] In an exemplary embodiment, the adjustable bell section expansion cone 
assembly 28 operates and is provided substantially, at least in part, as disclosed in one or 
more of the following: (1) PCT patent application serial number PCT/US02/36157, attorney 
docket number 25791.87.02. filed on 11/12/02, and/or (2) PCT patent application serial 
number PCT/US02/36267. attorney docket number 25791.88.02, filed on 1 1/12/2002. and/or 
(3) PCT patent application serial number PCT/US03/04837, attorney docket number 
25791.95.02, filed on 2/29/03, and/or (4) PCT patent application serial number 
PCT/US03/29859. attorney docket no. 25791.102.02. filed on 9/22/2003, the disclosures of 
which are incorporated herein by reference. 

[00207] In an exemplary embodiment, as illustrated in Figs. 16-1 and 16-2, 16A1 to 
16A2, 16B1 to 16B2. 16C, 16D, 16E. 16F, 16G, 16H, 161, 16j. 16K. 16L, 16M, 16N, 160, 
16P. 16R, 16S, 16T, 16U, 16V, 16W, 16X, 16Y. 16Z1 to 16Z4, 16AA1 to 16AA4, 16AB1 to 
16AB4. 16AC1 to 16AC4, 16AD, and 16AE, the adjustable bell section expansion cone 
assembly 28 includes an upper tubular tool joint 28002 that defines a longitudinal passage 
28002a and mounting holes, 28002b and 28002c, and includes an internal threaded 
connection 28002d, an inner annular recess 28002e, an inner annular recess 28002f, and an 
internal threaded connection 28002g. A tubular torque plate 28004 that defines a 
longitudinal passage 28004a and includes circumferentially spaced apart teeth 28004b is 
received within, mates with, and is coupled to the internal annular recess 28002e of the 
upper tubular tool joint 28002. 

[00208] Circumferentially spaced apart teeth 28006a of an end of a tubular lower mandrel 
28006 that defines a longitudinal passage 28006b, a radial passage 28006ba. and a radial 
passage 28006bb and includes an external threaded connection 26006c, an external flange 
28006d. an external annular recess 28006e having a step 28006f at one end, an external 
annular recess 28006g, external teeth 28006h, an external threaded connection 280061, and 
an external annular recess 28006j engage the circumferentially spaced apart teeth 28004b 
of the tubular torque plate 28004. An internal threaded connection 28008a of an end of a 



tubular toggle bushing 28008 that defines a longitudinal pass^e 28008b, an upper 
longitudinal slot 28008c , a lower longitudinal slot 28008d, mounting holes, 28008e, 28008f, 
28008g, 28008h. 28008i, 28008j. 28008k, 280081, 28008m. 28008n. 28008O. 28008p. 
28008q, 28008r, 28008s. 280081. 28008u. 28008v, 28008w. 28008X, 28008xa. and 
28008xb, and includes an external annular recess 28008y, internal annular recess 28008z, 
external annular recess 28008aa, and an extemal annular recess 28008ab receives and is 
coupled to the extemal threaded connection 28006c of the tubular lower mandrel 28006. 
[00209] A sealing element 2801 0 is received within the extemal annular recess 
28008y of the tubular toggle bushing 28008 for sealing the interface between the tubular 
toggle bushing and the upper tubular tool Joint 28002. A sealing element 28012 is received 
within the internal annular recess 28008z of the tubular toggle bushing 28008 for sealing the 
interface between the tubular toggle bushing and the hibular lower mandrel 28006. 
[P021(q Mounting screws. 28014a and 28014b. mounted virfthin and coupled to the 
mounting holes, 28008wand 28008x, respectively, of the tubular toggle bushing 28008 are 
also received vwthin the mounting holes, 28002b and 28002c, of the upper tubular tool joint 
28002. Mounting pins. 28016a. 28016b, 28016c. 28016d..and 28016e, are mounted within 
the mounting holes. 28008e. 28008f. 28008g. 28008h, and 280081, respecth«ly. Mounting 
pins, 28018a. 28018b. 28018c 28018d, and 28018e. are mounted wrlthin the mounting 
holes, 28008t. 28008s, 28008r, 28008q, and 28008p, respectiveiy. Mounting screws. 
28020a and 28020b. are mounted within the mounting holes. 28008u and 28008v. 
respectively. 

IP0211] A first upper toggle link 28022 defines mounting holes. 28022a and 28022b, 
for receiving the mounting pins, 28016a and 28016b. and includes a mounting pin 28022c at 
one end. A first lower toggle Gnk 28024 defines mounting holes, 28024a, 28024b, and 
28024c. for receiving the moufib'ng pins, 28022c 28016c and 28016d. respectively and 
includes an engagement ann 28024d. A firet trigger 28026 defines a mounting hole 28026a 
for receiving the mounting pin 28016e and includes an engagement ann 28026b at one end, 
an engagement member 28026c, and an engagement ami 28026d at another end. 
[0021^ A second upper toggle link 28028 defines mounting holes, 28028a and 
28028b, for receiving the mounting pins, 28018a and 28018b, and Includes a mounting pin 
28028c at one end. A second lower toggle link 28030 defines mounting holes, 28030a, 
28030b. and 28030c for receiving the mounting pins, 28028c, 28018c, and 28018d, 
respectively and includes an engagement arm 28030d. A second tr^ger 28032 defines a 
mounting hole 28032a for receiving the mounting pin 28018e and includes an engagement 
ami 28032b at one end. an engagement member 28032c and an engagement ami 28032d 
atanothierend. 

K002iq An end of a tubular spring housing 28034 that defines a longitudinal passage 
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28034a, mounting holes. 28034b and 28034c, and mounting holes, 28034ba and 28034ca, 
and includes an internal flange 28034d and an internal annular recess 28034e at one end, 
and an internal flange 28034f, an internal annular recess 28034g, an internal annular recess 
28034h, and an external threaded connection 280341 at another end receives and mates 
with the end of the tubular toggle bushing 28008. Mounting screws, 28035a and 28035b, 
are mounted vwthin and coupled to the mounting holes, 28008xb and 28008xa, respectively, 
of the tubular toggle bushing 28008 and are received within the mounting holes, 28034ba 
and 28034ca, respectively, of the tubular spring housing 28034. 

[002141 A tubular retracting spring ring 28036 that defines mounting holes, 28036a 
and 28035b, receives and mates with a portion of the tubular lower mandrel 28006 and is 
received within and mates with a portion of the tubular spring housing 28034. Mounting 
screws, 28038a and 28038b, are mounted within and coupled to the mounting holes, 28036a 
and 28036b, respectively, of the tubular retracting spring ring 28036 and extend into the 
mounting holes, 28034b and 28034c, respectively, of the tubular spring housing 28034. 
[p02iq Casing diameter sensor springs, 28040a and 28040b, are positioned within 
the longitudinal slots. 28008c and 2808d, respectively, of the tubular toggle bushing 28008 
that engage the engagement members, 28026c and 28032c, and engagement arm8,28026d 
and 28032d, of the first and second triggers, 28026 and 28032, respectively. An inner flange 
28042a of an end of a tubular spring washer 28042 mates with and receives a portion of the 
tubular lower mandrel 28006 and an end face of the inner flange of the tubular spring washer 
Is positioned proximate and end iace of the external flange 28006d of the tubular lower 
mandrel. The tubular spring washer 28042 is further received within the longitudinal 
passage 28034a of the tubular spring housing 28034. 

[0021 q An end of a retracting spring 28044 that receives the tubular lower mandrel 
28006 is positioned v^hin the tubular spring washer 28042 in contact with the intemal flange 
;28042a of the tubular spring washer and the other end of the retracting spring is positioned 
in contact with an end face of the tubular retracting spring ring 28036. 
[00217] A sealing element 28046 is received within the external annular recess 
28006j of the tubular lower mandrel 28006 for sealing the interface between the tubular 
lower mandrel and the tubular spring housing 28034. A sealing element 28048 is received 
within the intemal annular recess 28034h of the tubular spring housing 28034 for sealing the 
interface between the tubular spring housing and the tubular lower mandrel 28006. 
[00218] An intemal threaded connection 28050a of an end of a tubular upper hinge 
sleeve 28050 that includes an intemal flange 28050b and an intemal pivot 28050c receives 
and is coupled to the external threaded connection 280341 of the end of the tubular spring 
housing 28034. 

[00219] An external flange 28052a of a base member 28052b of an upper cam 



assembly 28052, that is mounted upon and receives tlie lower tubular mandrel 28006. that 
includes an internal flange 28052c that is received within the external annular recess 28006e 
of the lower tubular mandrel 28006 and a plurality of drcumferenUally spaced apart tapered 
cam anms 28052d extending from the base member mates with and is received within the 
tubular upper hinge sleeve 28050. The base member 28052b of the upper cam assembly 
28052 further includes a plurality of circumferentially spaced apart teeth 28052f that mate 
with and are received within a plurality of circumferentially spaced apart teeth 28034{ 
provided on the end faee of the tubular spring housing 28034 and an end face of the external 
flange 28052a of the base member of the upper cam assembly is positioned in opposing 
relation to an end fece of the intemal flange 28050b of the tubular upper hinge sleeve 28050. 
Each of the cam amis 28052d of the upper cam assembly 28052 include extemal cam 
surfaces 28052e. In an exemplary embodiment, the teeth 28052f of the base memt»er 
28052b of the upper cam assembly 28052 and the teeth 28034j provided on the end fece of 
the tubular spring housing 28034 pennit torsional loads to be transmitted between the 
tubular spring housing and the upper cam assembly. 

[00220] A plurality of circumferentially spaced apart upper expansion segments 28054 
are mounted upon and receive the lower tubular mandrel 28006 and each include an 
extemal pivot recess 28054a at one end for mating with and receiving the intemal phrat 
28050c of the tubular upper hinge sleeve 28050 and an extemal tapered expansion suifece 
28054b at another end and are pivotelly mounted within the tubular upper hinge sleeve and 
are interleaved vwth the circumferentially spaced apart cam arms 28052d of the upper cam 
assembly 28052. The upper expansion segmente 28054 are interieaved among the cam 
anus 28052d of the upper cam assembly 280^ 

IP0221] A plurality of circumferentially spaced apart tower expansion segmente 28058 
are mounted upon and receive the lower tubular mandrel 28006, are interieaved among the 
upper expansion segments 28054, are oriented bi the opposite direction to the upper 
expansion segmente 28054. each include an external pivot recess 28058a at one end and 
an extemal tapered expansion surface 28054b at another end and are positioned In 
opposing relation to conesponding circumferentially spaced apart cam amis 28052d of the 
upper cam assembly 28052. 

[P0222] A lower cam assembly 28060 is mounted upon and receives the lower tubular 
mandrel 28006 that includes a base member 28060a having an extemal flange 28060b, a 
plurality of circumferentially spaced apart cam amis 28060d that extend from the base 
member that each include extemal cam surfaces 28060e and define mounting holes 28060f 
and 28060g. The base member 28060a of the lower cam assembly 28060 further includes a 
plurality of drcumferentially spaced apart teeth 28060h. TTie drcumferenUally spaced apart 
cam arms 28060d of the lower cam assembly 28060 are interieaved among the lower 
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expansion segments 28058 and the circumferentlany spaced apart cam amis 28052d of the 
upper cam assembly 28052 and positioned in opposing relation to corresponding upper 
expansion segments 28054. 

[0022^ Mounting screws, 28062a, 28062b, 28062c, and 28062e, are mounted within 
the con-esponding mounting holes, 28060f and 28060g, of the lower cam assembly 28060 
and are received within the external annular recess 28006g of the lower cam assembly 
28060. 

[P0224I A tubular lower hinge sleeve 28064 that receives the lower expansion 
segments 28058 and the lower cam assembly 28060 includes an intemal flange 28064a for 
engaging the external flange 28060b of the base member of the lower cam assembly 28060, 
an intemal pivot 28064b for engaging and receiving the external pivot recess 28058a of the 
lower expansion segments 28058 thereby pivotally mounting the lower expansion segments 
Within the tubular lower hinge sleeve, and an intemal threaded connection 28064c. 
[0022^ An extemal threaded connection 28066a of an end of a tubular sleeve 28066 
that defines mounting holes, 28066b and 28066c, and includes an intemal annular recess 
28066d having a shoulder 28066e, an Intemal flange 2806ef. and an intemal threaded 
connection 28066g at another end is received within and coupled to the Intemal threaded 
connection 28064c of the tubular lower hinge sleeve 28064. An extemal threaded 
connection 2B068a of an end of a tubular member 28068 that defines a longitudinal passage 
28068b and mounting holes, 28068c and 28068d, and includes an extemal annular recess 
28068e, and an extemal threaded connection 28068f at another end Is received within and Is 
coupled to the internal threaded connection 28066g of the tubular sleeve 28066. 
[0022q Mounting screws. 28070a and 28070b, are mounted m and coupled to the 
mounting holes, 28068c and 28068d, respecBvely, of the tubular member 28068 that also 
extend into the mounting holes, 28066b and 28066c, respectively, of the tubular sleeve 
28066. A sealing element 28072 is received within the extemal annular recess 28068e of 
the tubular member 26068 for sealing the interface between the tubular member and the 
tubular sleeve 28066. 

100227] An intemal threaded connection 28074a of a tubular retracting piston 28074 
that defines a longitudinal passage 28074b and includes an intemal annular recess 28074c 
and an extemal annular recess 28074d receives and Is coupled to the extemal threaded 
connection 280061 of the tubular lower mandrel 28006. A sealing element 28076 is received 
within the extemal annular recess 28074d of the tubular retracting piston 28074 for sealing 
the interface between the tubular retracting piston and the tubular sleeve 28066. A sealing 
element 28078 is received within the intemal annular recess 28074c of the tubular retracting 
piston 28074 for sealing the interface between the tubular retracting piston and the tubular 
lower mandrel 28006. 
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[00228] Locking dogs 28080 mate with and receive the external teeth 28006h of the 
tubular lower mandrel 28006. A spacer ring 28082 is positioned between an end face of the 
locking dogs 28080 and an end face of the lower cam assembly 28060. A release piston 
28084 mounted upon the tubular lower mandrel 28006 defines a radial passage 28084a for 
mounting a burst disk 28086 includes sealing elements. 28084b. 28084c. and 28084d. The 
sealing elements. 28084b and 28084d, sealing the interface between the release piston 
28084 and the tubular lower mandrel 28006. An end face of the release piston 28084 is 
positioned in opposing relation to an end face of the locking dogs 28080. 
[00229] A release sleeve 28088 that receives and is mounted upon the locking dogs 
28080 and the release piston 28084 includes an internal flange 28088a at one end that 
sealingly engages the tubular lower mandrel 28006. A bypass sleeve 28090 that receives 
and is mounted upon the release sleeve 28088 Includes an internal flange 28090a at one 
end. 

[00230] In an exemplary embodiment, during operation of the adjusfable bell sedJon 
expansion cone assembly 28, the retracting spring 28044 Is compressed and thereby 
applies a biasing spring force In a direction 28092 from the lower tubular mandrel 28006 to 
the tubular spring housing 28034 that, In the absence of other forces, moves and/or 
maintains the upper cam assembly 28052 and the upper expansion segments 28054 out of 
er^agement with the lower expansion segments 28058 and the lower cam assembly 28060. 
In an exemplary embodiment, during operation of the adjustable bell sectfon expansion cone 
assembly 28, an external threaded connection 26a of an end of the extension actuator 
assembly 26 is coupled to ttie internal threaded connecHon 28002d of the upper tubular tool 
joint 28002 and an intemal threaded connection 30a of an end of the adjustable casing 
expansion cone assembly 30 is coupled to the external threaded connection 28068f of the 
tubular member 28068. 

[00231] The upper cam assembly 28052 and the upper expansion segments 28054 
may be brought into engagement with the fower expansion segments 28058 and the lower 
cam assembly 28060 by pressurizing an annulus 28094 defined between the lower tubular 
mandrel 28006 and the tubular spring housing 28034. In particular, injecHon of fluWIc 
materials into the adjustable bell section expansion cone assembly 28 through the 
longitudinal passage 28006b of the lower tubular mandrel 28006 and into the radial passage 
28006ba may pressurize the annulus 28094 thereby creating suffident operating pressure to 
generate a force in a direction 28096 suffident to overcome the biasing force of the 
retracting spring 28044. As a result, the spring housing 28034 may be displaced in the 
direcHon 28096 relative to the lower tubular mandrel 28006 thereby displadng the tubular 
upper hinge sleeve 28050, upper cam assembly 28052 , and upper expansion segments 
28054 in the directfon 28096. 



[0023^ In an exemplary embodiment, as illustrated in Figs. 16P and IGR. the 
displacement of the upper cam assembly 28052 and upper expansion segments 28054 tn 
the direcHon 26096 will cause the lower expansion segments 28058 to ride up the cam 
surfaces 28052e of the cam arms 28052d of the upper cam assembly 28052 while also 
pivoting about the lower tubular hinge segment 28064, and will also cause the upper 
expansion segments 28054 to ride up the cam surfaces 28060e of the cam amis 28060d of 
the lower cam assembly 28060 while also pivoting about the upper tubular hinge segment 
28050. In an exemplary embodiment, when the upper and lower expansion segments, 
28054 and 28058, are brought into axial alignment, they define an outer expansion surface 
that is approximately contiguous in a drcumferentiai direction and which provides an outer 
expansion surface that at least approximates a conical surface. 
10023^ In an exemplary embodiment during the operation of the adjustable bell 
section expansion cone assembly 28. when the upper and lower expansion segments, 
28054 and 28058, brought into axial alignment into a radially expanded position, the upper 
and lower expansion segments, 28054 and 28058, are displaced relative to the expandable 
vwPbore casing 100 to thereby radially expand and plastically defomi at least a portion of the 
expandable wellbore casing. In an exemplary embodiment, during the radial expansion and 
plastic deformation of ttw expandable wellbore casing 100, the adjustable ben section 
expansion cone assembly 28 may ttien be rotated relative to the expandable wellbore casing 
to enhance and/or modiftr ttie rate at which tiie expandable wellbore casing is radially 
expanded and plastically deformed. 

IP0234I In an exemplary embodiment, the upper cam assembly 28052 and the upper 
expansion segments 28054 may be moved out of engagement witti the lower expansion 
segments 28058 and the lower cam assembly 28060 by reducing flie operating pressure 
witiiin the annulus 28094. 

IP023q In an alternative embodiment as Hhistreted In Figs. 16S, 161, 16U and 16V. 
during operation of the adjustable bell section expansion cone assembly 28, ttie upper cam 
assembly 28052 and the upper expansion segments 28054 may also be moved out of 
engagement witti the lower expansion segments 28058 and the lower cam assembly 28060 
by sensing the operating pressure witiiin the longitudinal passage 28006b of ttie lower 
tubular mandrel 28006. In particular, as fliusttated in Rg. 16T, if ttie operating pressure 
wittiin ttie longitudinal passage 28006b and radial passage 28006bb of tfie lower tubular 
mandrel 28006 exceeds a predetennined value, ttie burst disc 28086 vinll open ttie passage 
28084a tfiereby pressurizing the interior of ttie tubular release sleeve 28088 ttiereby 
displacing ttie tubular release sleeve 28088 downwardly in a direction 28092 away from 
engagement witti tiie locking dogs 26080. 

[0023q As a result, as illustrated in Rg. 16U. ttie locking dogs 28080 are displaced 



outwardly in the radial directed and thereby released from engagement >Anth the lower 
tubular mandrel 28006 thereby pemnrtting the lower expansion segments 28058 and the 
lower cam assembly 28060 to be displaced downwardly relative to the lower tubular 
mandrel. 

[00237] As a result, as illustrated in Rg. 16V, the operating pressure v^'thin the lower 
tubular mandrel 28066 may then cause the tower tubular mandrel to be displaced 
downwardly in the direction 28094 relative to the tubular lower mandrel 28006 and the 
netractlng piston 28074. As a result, the lower tubular mandrel 28066, the lower expansion 
segments 28058, the lower cam assembly 28060, and tubular lower hinge sleeve 28064 are 
displaced downwardly in the direction 28094 relative to the tubular spring housing 28034 
thereby moving the lower expansion segments 28058 and the lower cam assembly 28060 
out of engagement with the upper cam assembly 28052 and the upper expansion segments 
28054. 

[00238] In an exemplary embodiment, as illustrated in Figs. 16W. 16X. and 16Y, 
during operation of the adjustable bell section expansion cone assembly 28, the adjustatrie 
bell section expansion cone assembly senses the diameter of the expandable wellbore 
casing 100 using the upper toggle links, 28022 and 28028, lower toggle links, 28024 and 
28030, and triggers, 28026 and 28032, and then prevents the engagement of the upper cam 
assembly 28052 and the upper expansion segments 28054 with the lower e^qaansion 
segments 28058 and the lower cam assembly 28060. 

[00239] In particular, as Illustrated in Rg. 16W, anytime the upper toggle links, 28022 
and 28028, and lower toggle links, 28024 and 28030, are positioned wittiin a portion of the 
expandable wellbore casing 100 that has been radially expanded and plastically defbrmed 
by ttie system 10, tiie triggers, 28026 and 28032, will be pivoted by the engagement amis, 
28024d and 28030d, of ttie lower toggle Dnks, 28024 and 28030, to a position in which ttie 
triggers v^ll no tonger engage the intemal flange 28034d of the end of the tubular spring 
housing 28034 thereby pemiitting tfie displacement of ttte tubular spring housing in the 
direch'on 28096. As a result, the upper cam assembly 28052 and the upper expansk>n 
segments 28054 can be brought into engagement witti the lower expansion segments 28058 
and the lower cam assembly 28060. In an exemplary embodiment, the upper toggle links, 
28022 and 28028, and the lower toggle links, 28024 and 28030, are spring biased towards 
the position illustrated in Fig. 16W. 

[0024iq Conversely, as illustrated in Rg. 16X, anytime the upper toggle links, 28022 
and 28028, and lower toggle links, 28024 and 28030, are positioned wittiin a portion of the 
expandable wellbore casing 100 that has not been radially expanded and plastically 
defomied by the system 10, the triggers, 28026 and 28032, will be maintained in a position 
in which the triggers will engage the intemal flange 28034d of the end of the tubular spring 
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housing 28034 thereby preventing the displacement of the tutelar spring housing in the 
direction 28096. As a result, the upper cam assemt)ly 28052 and the upper expansion 
segments 28054 cannot be brought into engagement witii tt» lower expansion segments 
28058 and the lower cam assembly 28060. In an exemplaiy embodiment, the triggere, 
28026 and 28032, are spring biased towaids ttte position illustrated in Fig. leX. 
[00241] In an exemplary embodiment, as illustrated in Rg. 16Y. the tubular spring 
housing 28034 may be displaced upwrardly in ttie direction 28098 even if the upper toggle 
links, 28022 and 28028, and lower toggle links, 28024 and 28030. are positioned within a 
portion of the expandable wellbore casing 100 ttiat has not been radially expanded and 
plastically deformed by the system 10. 

[00242] In an exemplary embodiment, as illustrated in Rgs. 16Z1 to 1624, 16AA1 to 
16AA4, 16AB1 to 16AB4. 16AC1 to 16AC4, 16AD, and 16AE, the tubular spring housing 
28034 of the adjustable bell section expansion cone assembly 28 defines intemal annular 
recesses 28034k and 280341, spaced apart by an Intemal flange 28034m, the tubular toggle 
bushing 28008 defines an external annular recess 28008ac, and the acfiustable bell section 
expansion cone assembly further includes pins, 28100a and 28100b and 28102a and 
28102b, mounted in holes 28008j and 28008o and 28008k and 28008n, respectively, of the 
tubular toggle bushnig, and a one^ot deactivation device 28104 mounted on the tubular 
toggle bushing between tiie pins. 28100a and 28100b and 28102a and 28102b. 
11002431 The one-shot deactivation device 28104 Includes a tubular body 28104a ttwrt 
defines radial holes, 28104b and 28014c and includes an external annular recess 28104d at 
one end. a centrally positioned external flange 28104e. a centrally positioned internal 
annular recess 281 04f, and an external annular recess 28104g at anottier end. An 
engagement member 28106 ttiat includes a base member 28106a having a tapered end 
28106b and a key member 28106c having a tapered end 28106d is received within a portion 
of ttie intemal annular recess 28104f of the tubular body 28104a and an engagement 
member 28108 that includes a base member 28108a having a tapered end 28108b and a 
key member 28108c having a tapered end 28108d is received wittiin an opposite portion of 
tiie intemal annular recess 281 04f of ttie tubular body 28104a. Spring members. 281 10 and 
2811 2, are received within the annular recess 281 04f of ttie tubular body 28104a for biasing 
the base members, base member 28106a and 28108a, of ttie engagement membere. 28106 
and 28108. respectively, radially inwardly relative to ttie tubular body 28104a, 
[0024^ In an exemplary embodiment during operation of tiie adjustable bell section 
expansion cone assembly 28. as illustrated in Figs. 16Z1 to 16Z4, ttie one-shot deactivation 
device 28104 are positioned proximate and in Intimate contact witti ttie pins, 28102a and 
28102b, witti ttie tapered ends, 28106b and 28108b, of ttie base members. 28106a and 
28108a, of ttie engagement membere. 28106 and 28108. received wittiin tiie external 



annular recess 28008ac of the tubular toggle bushing 28008. When the one-shot 
deactivation device 28104 is positioned as illustrated in Figs. 16Z1 to 16Z4, the external 
annular recess 281 04d of the tubular body 28104a of the one-shot deactivation device is 
moved out of engagement with the engagement arms. 28026d and 28032d, of the triggers, 
28026 and 28032, respectively. As a result, the triggers, 28026 and 28032, may operate 
normally as described above with reference to Figs. 16W, 16X, and 16Y. 
[00245] Conversely, in an exemplary embodiment, during operation of the adjustable 
bell section expansion cone assembly 28, as illustrated in Figs. 16AA1 to 16AA4, the one- 
shot deactivation device 28104 are positioned proximate and in intimate contact with the 
pins. 28100a and 28100b. with the tapered ends, 28106b and 28108b. of the base 
members. 28106a and 28108a, of the engagement members, 28106 and 28108, not 
received within the external annular recess 28008ac of the tubular toggle bushing 28008. 
When the one-shot deactivation device 28104 Is positioned as illustrated in Fig. 16AA. the 
external annular recess 281 04d of the tubular body 28104a of the one-shot deactivation 
device is moved into engagement with the engagement arms, 28026d and 28032d, of the 
triggers, 28026 and 28032, respectively. As a result, the triggers, 28026 and 28032. are 
deactivated and may not operate normally as described above with reference to Figs. 16W, 
16X. and 16Y. 

[00246] In an alternative embodiment, the elements of the adjustable bell section 
expansion cone assembly 28 that sense the diameter of the expandable wellbore casing 100 
may be disabled or omitted or adjusted to sense any pre-selected internal diameter of the 
expandable wellbore casing. 

[00247] In an exemplary embodiment, the adjustable casing expansion cone assembly 30 
operates and is provided substantially, at least in part, as disclosed in one or more of the 
following: (1) PCT patent application serial number PCT/US02/36157. attorney docket 
number 25791.87.02. filed on 11/12/02, and/or (2) PCT patent application serial number 
PCT/US02/36267, attorney docket number 25791 .88.02. filed on 1 1/12/2002. and/or (3) PCT 
patent application serial number PCT/US03/04837. attorney docket number 25791.95.02, 
filed on 2/29/03. and/or (4) PCT patent application serial number PCT/US03/29859, attorney 
docket no. 25791.102.02, filed on 9/22/2003, and/or (5) PCT patent application serial 
number PCT/US03/14153, attorney docket number 25791.104.02. filed on 11/13/2003, 
and/or (6) PCT patent application serial number PCT/US03/18530. attorney docket number 
25791.108.02, filed on 6/11/2003. the disclosures of which are incorporated herein by 
reference. 
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[00248] In an exemplary embodiment, as illustrated in Figs. 17-1 and 17-2, 17A1 to 
17A2. 17B1 to 17B2. 17C, 17D. 17E, 17F, 17G. 17K 171. 17j. 17K. 17L. 17M. 17N, 170. 
17P, 17R. 17S. 17T. 17U. 17V. 17W. 17X, 17Y, 17Z1-17Z4. 17AA1 to 17AA4. 17AB1 to 
17AB4. 17AC1 to 17AC4, 17AD. and 17AE, the adjustable casing expansion cone assembly 
30 includes an upper tubular tool joint 30002 that defines a longitudinal passage 30002a and 
mounting holes. 30002b and 30002c, and includes an internal threaded connection 30002d. 
an inner annular recess 30002e. an inner annular recess 30002f, and an internal threaded 
connection 30002g. A tubular torque plate 30004 that defines a longitudinal passage 
30004a and includes circumferentially spaced apart teeth 30004b is received within, mates 
with, and is coupled to the internal annular recess 30002e of the upper tubular tool joint 
30002. 

[00249] Circumferentially spaced apart teeth 30006a of an end of a tubular lower mandrel 
30006 that defines a longitudinal passage 30006b. a radial passage 30006ba. and a radial 
passage 30006bb and includes an external threaded connection 30006c, an external flange 
30006d. an external annular recess 30006e having a step 30006f at one end, an external 
annular recess 30006g, external teeth 30006h, an external threaded connection 30006i, and 
an external annular recess 30006j engage the circumferentially spaced apart teeth 30004b 
of the tubular torque plate 30004. An internal threaded connection 30008a of an end of a 
tubular toggle bushing 30008 that defines a longitudinal passage 30008b. an upper 
longitudinal slot 30008c , a lower longitudinal slot 30008d. mounting holes, 30008e. 30008f. 
30008g. 30008h. 30008i, 30008]. 30008k. 300081. 30008m. 30008n, 30008o. 30008p. 
30008q. 30008r. 30008s. 300081. 30008u, 30008v, 30008w. 30008x. 30008xa, and 
30008xb, and includes an external annular recess 30008y, internal annular recess 30008z. 
external annular recess 30008aa. and an extemal annular recess 30008ab receives and is 
coupled to the extemal threaded connection 30006c of the tubular lower mandrel 30006. 
[00250] A sealing element 30010 is received within the external annular recess 
30008y of the tubular toggle bushing 30008 for sealing the interface between the tubular 
toggle bushing and the upper tubular tool joint 30002. A sealing element 30012 is received 
within the internal annular recess 30008z of the tubular toggle bushing 30008 for sealing the 
interface between the tubular toggle bushing and the tubular lower mandrel 30006. 
[00251] Mounting screws, 30014a and 30014b, mounted within and coupled to the 
mounting holes, 30008w and 30008x, respectively, of the tubular toggle bushing 30008 are 
also received within the mounting holes, 30002b and 30002c. of the upper tubular tool joint 



30002. Mounting pins. 30016a. 30016b. 30016c. 30016d. and 30016e. are mounted within 
the mounting holes. 30008e. 30008f. 30008g. 30008h. and 30008i. respectively. Mounting 
pins. 30018a, 30018b. 30018c. 30018d. and 30018e. are mounted within the mounting 
holes. 300081. 30008s. 30008r. 30008q. and 30008p. respectively. Mounting screws. 
30020a and 30020b, are mounted within the mounting holes. 30008u and 30008v, 
respectively. 

[P0252] A first upper toggle link 30022 defines mounting holes, 30022a and 30022b. 
Ibr receiving the mounting pins. 30016a and 30016b. and includes a mounting pin 30022c at 
one end. A first lower toggle link 30024 defines mounting holes. 30024a, 30024b. and 
30024c. for receiving the mounting pins. 30022c. 30016c. and 30016d. respectively and 
includes an engagement ann 30024d. A first trigger 30026 defines a mounting hole 30026a 
for receiving the mounting pin 30016e and includes an engagement ann 30026b at one end. 
an engagement member 30026c. and an engagement ami 30026d at another end. 
[P025q A second upper toggle link 30028 defines mounting holes. 30028a and 
30028b. for receiving the mounting pins. 30Q18a and 30018b. and includes a mounting pin 
30028c at one end. A second lower toggle link 30030 defines mounting holes. 30030a. 
30030b. and 30030c for receiving the mounting pins. 30028c. 30018c and 30018d. 
respectively and includes an engagement arm 30030d. A second trigger 30032 defines a 
mounting hole 30032a for receiving the mounting pin 30018e and includes an engagement 
ami 30032b at one end. an engagement member 30032c and an engagement ami 30032d 
atanotfierend. 

[002541 An end of a tubular spring housing 30034 that defines a tongitudinal passage 
30034a. mounting holes. 30034b and 30034c and mounting holes. 30034ba and 30034ca. 
and Includes an internal flange 30034d and an internal annular recess 30034e at one end. ' 
and an internal flange 30034f. an intemal annular recess 30034g. an internal annular rece^ 
30034h. and an external threaded connection 300341 at another end receives and mates 
with the end of the tubular toggle bushing 30008. Mounting screws. 30035a and 30035b. 
are mounted within and coupled to the mounting holes. 30008xb and 30008xa. respective'ly. 
of the tubular toggle bushing 30008 and are received within the mounting holes. 30034ba 
and 30034ca. respectively, of the tubular spring housing 30034. 
PHttSeg A tubular retracting spring ring 30036 that defines mounting holes, 30036a 
and 30036b, receives and mates with a portion of the tubular lower mandrel 30006 and Is 
received within and mates with a portion of the tubular spring housing 30034. Mounting 
screws. 30038a and 30038b. are mounted within and coupled to the mounting holes. 30036a 
and 30036b. respectively, of the tubular retracting spring ring 30036 and extend into the 
mounting holes. 30034b and 30034c respectively, of the tubular spring housing 30034. 
pM>25q Casing diameter sensor springs. 30040a aiid 30040b. are positioned within 
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the longitudinal slots, 30008c and 3008d, respectively, of the tubular toggle bushing 30008 
that engage the engagenfient members, 30026c and 30032c. and engagement amis,30026d 
and 30032d, of the first and second triggers, 30026 and 30032. respectively. An inner flange 
30042a of an end of a tubular spring washer 30042 mates with and receives a portion of the 
tubular lower mandrel 30006 and an end face of the Inner flange of the tubular spring washer 
is positioned proximate and end face of the external flange 30006d of the tubular lower 
mandrel. The tubular spring washer 30042 is further received within the longitudinal 
passage 30034a of the tubular spring housing 30034. 

[00257] An end of a retracting spring 30044 that receives the tubular lovi/er mandrel 
30006 is positioned within the tubular spring washer 30042 in contact vwth the internal flange 
30042a of the tubular spring washer and the other end of the retracting spring Is positioned 
In contact with an end face of the tubular retracting spring ring 30036. 
[00258] A sealing element 30046 Is received within the external annular recess 
30006j of the tubular lower mandrel 30006 for sealing the interface between the tubular 
lower mandrel and the tubular spring housing 30034. A sealing element 30048 is received 
within the internal annular recess 30034h of the tubular spring housing 30034 for sealing the 
Interface between the tubular spring housing and the tubular lower mandrel 30006. 
[002591 An Intemal threaded connection 30050a of an end of a tubular upper hinge 
sleeve 30050 that Includes an intemal flange 30050b and an Intemal pivot 30050c receives 
and is coupled to the external threaded connection 300341 of the end of the tubular spring 
housing 30034. 

IP0260] An extemal flange 30052a of a base member 30052b of an upper cam 
assembly 30052, that is mounted upon and receives the lower tubular mandrel 30006, that 
includes an intemal flange 30052c that is received within the extemal annular recess 30006e 
of the lower tubular mandrel 30006 and a plurality of circumferentially spaced apart tapered 
cam arms 30052d extending from the base member mates with and is received within the 
tubular upper hinge sleeve 30050. The base member 30052b of the upper cam assembly 
30052 further includes a plurality of circumferentially spaced apart teeth 30052f that mate 
with and are received within a plurality of circumferentially spaced apart teeth 30034| 
provided on the end face of the tubular spring housing 30034 and an end face of the extemal 
flange 30052a of the base member of the upper cam assembly is positioned in opposing 
relation to an end face of the intemal flange 30050b of the tubular upper hinge sleeve 30050. 
Eadi of the cam anns 30052d of the upper cam assembly 30052 include extemal cam 
surfaces 30052e. In an exemplary embodiment, the teeth 30052f of the base member 
30052b of the upper cam assembly 30052 and the teeth 30034| provided on the end face of 
the tubular spring housing 30034 permit torsional loads to be transmitted between the 
tubular spring housing and the upper cam assembly. 



[00261] A plurality of circumferentially spaced apart upper expansion segments 30054 
are mounted upon and receive the lower tubular mandrel 30006 and each Include an 
external pivot recess 30054a at one end for mating with and receiving the internal pivot 
30050c of the tutxjiar upper hinge sleeve 30050 and an external tapered expansion surface 
30054b at another end and are pivotally mounted vwthin the tubular upper hinge sleeve and 
are interleaved with the drcumferentially spaced apart cam arms 30052d of the upper cam 
assembly 30052. The upper expansion segments 30054 are Interleaved among the cam 
arms 30052d of the upper cam assembly 30052. 

[00262] A plurality of circumferentially spaced apart lower expansion segments 30058 
are mounted upon and receive the lower tubular mandrel 30006, are interleaved among the 
upper expansion segments 30054, are oriented In the opposite direction to the upper 
expansion segments 30054, each Include an extemal pivot recess 30058a at one end and 
an extemal tapered expansion surface 30054b at another end and are positioned in 
opposing relation to corresponding drcumferentially spaced apart cam arms 30052d of the 
upper cam assembly 30052. 

[00263] A lower cam assembly 30060 is mounted upon and receives the lower tubular 
mandrel 30006 that includes a base member 30060a having an extemal flange 30060b, a 
plurafity of circumferentially spaced apart cam amis 30060d that extend from the base 
member that each Include extemal cam surfaces 30060e and define mounting holes 30060f 
and 30060g. The base member 30060a of the lower cam assembly 30060 further includes a 
plurality of circumferentially spaced apart teeth 30060h. The drcumferentially spaced apart 
cam arms 30060d of the lower cam assembly 30060 are interieaved among the Iowbt 
expansion segments 30058 and the drcumferentially spaced apart cam amis 30052d of the 
upper cam assembly 30052 and positioned in opposing relation to conBspondIng upper 
expansion segments 3(K)54. 

100264 Mounting screws, 30062a, 30062b, 30062c, and 30062e, are mounted within 
the conesponding mounting holes, 30060f and 30060g, of the lower cam assembly 30060 
and are received wittiin the extemal annular recess 30006g of tiie lower cam assembly 

30060. 

[0026^ A tubular lower hinge sleeve 30064 tiiat receives tiie lower expansion 
segments 30058 and the lower cam assembly 30060 indudes an internal flange 30064a for 
engaging the extemal flange 30060b of the base member of tiie lower cam assembly 30060, 
an intemal pivot 30064b for engaging and receiving the extemal pivot recess 30058a of the 
lower expansion segments 30058 tiiereby pivotally mounting tiie lower expansion segments 
within the tubular lower hinge sleeve, and an intemal Uireaded connection 30064c. 
[00266] An extemal tiireaded connection 30066a of an end of a tubular sleeve 30066 
ttiat defines mounting holes, 30066b and 30066c, and Indudes an intemal annular recess 



30066d having a shoulder 30066e, an internal flange 3006ef, and an Internal threaded 
connection 30066g at another end is received within and coupled to the Internal threaded 
connection 30064c of tiie tubular lower hinge sleeve 30064. An external threaded 
connection 30068a of an end of a tubular member 30068 that defines a longitudinal passage 
30068b and mounting holes, 30068c and 30068d, and includes an extemal annular recess 
30068e, and an extemal tiireaded connection 30068f at another end is received witiiin and is 
coupled to the internal threaded connection 30066g of the tul>ular sleeve 30066. 
p)0267] Mounting screws, 30070a and 30070b, are mounted in and coupled to the 
mounting holes, 30068c and 30068d, respectively, of tiie tubular member 30068 that also 
extend into the mounting holes, 30066b and 30066c, respectively, of the tubular sleeve 
30066. A sealing element 30072 Is received witiiin the extemal annular recess 30068e of 
the tubular member 30068 for sealing the interface between the tubular member and the 
tubular sleeve 30066. 

[0026q An internal threaded connection 30074a of a tubular retracting piston 30074 
that defines a longitudinal passage 30074b and includes an intemal annular recess 30074c 
and an extemal annular recess 30074d receives and is coupled to the extemal threaded 
connection 300061 of the tubular lower mandrel 30006. A sealing element 30076 is received 
within the extemal annular recess 30074d of the tubular retracting piston 30074 for sealing 
the interface between the tubular retracting piston and the tubular sleeve 30066. A sealing 
element 30078 Is received within the interna! annular recess 30074c of the tubular retracting 
piston 30074 for sealing tiie interface between the tubular retracting piston and flie tubular 
lower mandrel 30006. 

[00269] Locking dogs 30080 mate witii and receive the extemal teeth 30006h of the 
tubular lower mandrel 30006. A spacer ring 30082 is positioned between an end face of the 
locking dogs 30080 and an end face of the lower cam assembly 30060. A release piston 
30084 mounted upon the tubular lower mandrel 30006 defines a radial passage 30084a for 
mounting a burst disk 30086 includes sealing elements, 30084b, 30084c, and 30084d. The 
sealing elements, 30084b and 30084d, sealing the interface between the release piston 
30084 and tiie tubular lower mandrel 30006. An end face of the release piston 30084 is 
positioned in opposing relation to an end face of the tocking dogs 30080. 
IP0270] A release sleeve 30088 tiiat receives and is mounted upon the locking dogs 
30080 and the release piston 30084 includes an intemal flange 30088a at one end ttiat 
sealingly engages the tubular lower mandrel 30006. A bypass sleeve 30090 that receives 
and is mounted upon the release sleeve 30088 includes an intemal flange 30090a at one 
end. 

[00271] In an exemplary embodiment during operation of the adjustable casing 
expansion cone assembly 30, the retracting spring 30044 is compressed and thereby 



applies a biasing spring force fn a direction 30092 from the lower tubular mandrel 30006 to 
the tubular spring housing 30034 that in the absence of other forces, moves and/or 
maintains the upper cam assembly 30052 and the upper expansion segments 30054 out of 
engagement with the lower expansion segments 30058 and the lower cam assembly 30060. 
In an exemplary embodiment, during operation of the adjustable bell section expansion cone 
assembly 28, an external threaded connection 20a.of an end of the sealing cup assembly 20 
is coupled to the internal threaded connection 30002d of the upper tubular tool joint 30002 
and an intemal threaded connection 30a of an end of the adjustable casing expansion cone 
assembly 30 is coupled to the external threaded connection 30068f of the tubular member 
30068. 

[00272] The upper cam assembly 30052 and the upper expansion segments 30054 
may be brought into engagement with the lower expansion segments 30058 and the lower 
cam assembly 30060 by pressurizing an annulus 30094 defined between the lower tubular 
mandrel 30006 and the tubular spring housing 30034. In particular, injection of fluidlc 
materials into the adjustable casing expansion cone assembly 30 through the longitudinal 
passage 30006b of the lower tubular mandrel 30006 and into the radial passage 30006ba 
may pressurize the annulus 30094 thereby creating sufRcient operating pressure to generate 
a force In a direction 30096 sufficient to overcome the biasing force of the retracting spring 
30044. As a result, tiie spring housing 30034 may be displaced in the direction 30096 
relative to the lower tubular mandrel 30006 thereby displacing the tubular upper hinge sleeve 
30050, upper cam assembly 30052 , and upper expansion segments 30054 in the direction 
30096. 

[002731 In an exemplary embodiment, as illustrated in Rgs. 17P, 17Q, and 17f^ the 
displacement of the upper cam assembly 30052 and upper expansion segments 30054 in 
the direction 30096 will cause the lower expansion segments 30058 to ride up the cam 
surfiaces 30052e of the cam arms 30052d of the upper cam assembly 30052 while also 
pivoting about the lower tubular hinge segment 30064, and will also cause the upper 
expansion segments 30054 to ride up the cam surfaces 30060e of the cam amos 30060d of 
the lower cam assembly 30060 while also pivoting about the upper tubular hinge segment 
30050. In an exemplary embodiment, when the upper and lower expansion segments, 
30054 and 30058, are brought Into axial alignment, they define an outer expansion surfiaoe 
that is approximately contiguous in a circumferential direction and which provides an outer 
expansion surface that at least approximates a conical surface. 

[002741 In an exemplary embodiment, during the operation of the adjustable casing 
expansion cone assembly 30, when the upper and lower expansion segments, 30054 and 
30058, brought into axial alignment into a radially expanded position, the upper and lower 
expansion segments, 30054 and 30058, are displaced relative to the expandable wellbore 



casing 100 to thereby radially expand and plastically defonn at least a portion of the 
expandat>le welibore casing, in an exemplary embodiment, during the radial expansion and 
plastic deformation of the expandable welibore casing 100, the acQustable casbig expansion 
cone assembly 30 may then be rotated relative to the expandable weUboie casir« to 
enhance and/or modify the rate at which the expandable welibore casing is radially 
expanded and plastically defonned. 

[0027q In an exemplary embodiment, the upper cam assembly 30052 and the upper 
expansion segments 30054 may be moved out of engagement with the lower expansion 
segments 30056 and the lower cam assemt>ly 30060 by reducing the operating pressurs 
within the annulus 30094. 

I0027q In an altemative embodiment, as .illustrated In Figs. 17S, 17T, 17U and 17V, 
during operation of the adjustable casing expansion cone assembly 30, the upper cam 
assembly 30052 and the upper expansion segments 30054 may also be moved out of 
engagement with the lower expansion segments 30058 and the lower cam assembly 30060 
by sensing the operating pressure within the longitudinal passage 30006b of the lower 
tubular mandrel 30006. In paiticular. as illustrated in i=lg. 17T, if the operating pressure 
wHhin ttie longitudinal passage 30006b and radial passage 30006bb of the lower tubular 
mandrsi 30006 exceeds a predelennined value, the burst disc 30086 wiH open the passage 
30084a thereby pressurizing the interior of tiie tubular release sleeve 30088 tiiereby 
displadng tiie tubular release sleeve 30088 downwanily in a direction 30092 away fnm 
engagement witii the loddng dogs 30080. 

[P0277] As a result, as illustrated in Fig. 17U. the loddng dogs 30080 are displaced 
outwardly in the radial directed and ttier^ released from engagement with the lower 
tubular mandrel 30006 thereby permitting the lower expansion segments 30058 and the 
lower cam ass«nbly 30060 to be displaoed downwardly relative to the lower tubular 

mandrel. 

[00278] As a result, as illustrated In Fig. 17V, ttie operating pressure witiiin ttw lower 
tubular mandrel 30066 may then cause ttie lower tubular mandrel to be displaoed 
downwardly in tiie direction 30094 relative to the tubular lower mandrel 30006 and ttie 
retracting piston 30074. As a result, ttie lower tubular mandrel 30066, ttie lower expansion 
segments 30058, ttie lower cam assembly 30060, and tubular lower hinge sleeve 30064 are 
displaced downwanlly in ttie direction 30094 relative to ttie tubular spring housing 30034 
thereby moving tt»e lower expansion segments 30058 and ttie lower cam assembly 30060 
out of engagement witti tiie upper cam assembly 30052 and ttie upper expansion segments 
30054. 

[00279] In an exemplary embodiment, as illustrated in F=igs. 1 7W, 1 7X, and 1 7Y, 
during operation of the adjustable casing expansion cone assembly 30, ttie adjustable 



casing ocpansion cone assembly senses the diam^ erf the expandid)ie wellbore casing 
100 using the upper toggle links. 30022 and 30028. lower toggle Dnks, 30024 and 30030. 
and triggers. 30026 and 30032. and then prevents the engagentent of the upper cam 
assembly 30052 and the upper expansion segments 30054 with the lower expansion 
segments 30058 and the lower cam assembly 30060. 

[P028(q In particular, as iUustrated In Fig. 17W, anytime the upper toggle links, 30022 
and 30028, and k>wer toggle links. 30024 and 30030, are positioned within a portion of the 
expandat^ wellbore casing 100 that has been radially expanded and plastically defbnned 
by the system 10, the triggers. 30026 and 30032. will be pivoted by the engagement arms, 
30024d and 30030d. of the lower toggle links, 30024 and 30030, to a position in which the 
triggers will no longer engage the intemal flange 30034d of the end of the tubular spring 
housing 30034 thereby pemnltting the displacement of the tubular spring housing in the 
direction 30096. As a result, the upper cam assembly 30052 and the upper expansion 
segments 30054 can be brought into engagement ^ the tower expansion segments 30058 
and the tower cam assembly 30060. In an exemplary embodiment, the upper toggle links. 
30022 and 30028, and the tower toggle links. 30024 and 30030, are spring biased towards 
the position illustrated in Fig. 17W. 

IP0281] Conversely, as illustrated in Fig. 17X, anytime the upper toggle Onks, 30022 
and 30028. and lower toggle KnkB. 30024 and 30030, are posittoned within a portton of the 
expandable wellbore casing 100 that has not been rEKOaOy expanded and plasttoally 
deformed by the system 10, the triggeie. 30026 and 30032, win be maintained in a position 
in whtoh the triggers will engage the internal flange 30034d of the end of the tubular spring 
housing 30034 thereby preventing the displacement of the tubular sprii^ housing in the 
directton 30096. As a result, the upper cam assembly 30052 and the upper expansion 
segments 30054 cannot be brought into engagement with the tower Qxpansfon segments 
30058 and the tower cam assembly 30060. In an exemplaiy embodiment, the triggers, 
30026 and 30032. are spring biased towards the positton illustrated In F|g. 17X 
[0028^ In an exemplary embodiment, as Illustrated in Fig. 17Y, the tubular spring 
housing 30034 may be displaced upwranJIy in the direction 30098 even if the upper toggle 
links, 30022 and 30028, and lower toggle links, 30024 and 30030, are posittoned within a 
portion of the expandable wellbore casing 1 00 that has not been radially expanded and 
plasb'caliy defomned by the system 10. 

[P0283] In an exemplary embodiment as Olustratsd in Figs. 17Z1 to 17Z4, 17AA1 to 
17AA4, 17AB1 to 17AB4. 17AC1 to 17AC4, 17AD. and 17AE. the tubular spring housing 
30034 of the adjustable casing expansion cone assembly 30 defines intemal annular 
recesses 30034k and 300341, spaced apart by an intemal flange 30034m. the tubular toggto 
bushing 30008 defines an external annular recess 30008ac, and the adjustabto casing 
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expansion cone assembly further includes pins. 30100a and 30100b and 30102a and 
30102b, mounted in holes 30008j and 30008o and 30008i( and 30008n. lespectively. of the 
tubular toggle bushing, and a one-shot deactivation device 301 04 mounted on the tubular 
toggle bushing between the pins, 30100a and 30100b and 30102a and 30102b. 
[00284] The one-shot deactivation device 30104 includes a tubular body 301 04a that 
defines radial holes, 30104b and 30014c, and includes an external annular recess 30104d at 
one end. a centrally positioned external flange 301 04e, a centrally positioned Internal 
annular recess 301 04f, and an external annular recess 301O4g at another end. An 
engagement member 30106 that Includes a base member 30106a having a tepered end 
30106b and a key member 30106c having a tapered end 30106d is received within a portion 
of the internal annular recess 30104f of the tubular body 30104a and an engagement 
member 30108 that Includes a base member 30108a ha>fl'ng a tepered end 30108b and a 
key member 30108c having a tepered end 301 08d is received within an opposite portran of 
the intemal annular recess 30104f of the tubular body 30104a. Spring membere, 301 10 and 
301 12, are received within the annular recess 301 04f of tfie tubular body 301 04a for biasing 
the base membere. base member 30106a and 30108a, of the ei^agement membere. 30106 
and 30108, respecUveiy. radially inwardly relativa to the tubular body 30104a. 
|0028q In an exemplary embodiment, during operation of the adjusteble bell sedkm 
oqsanston cone assembly 28. as illustrated in Fig. 17Z. the one-shot deadivalton devtoe 
30104 are positioned proxbnate and In Intimate contect with the pins. 301Q2a and 30102b. 
with the tapered ends. 30106b and 30108b. of the base membere. 30106a and 30108a. of 
the engagement montoen, 30106 and 30108, received within the mtomai annular recess 
30008ac of the tubular toggle bushing 30008. When the one-shot deactivation device 301 04 
is posKkmed as illustrated in l=ig. 172. the external annular recess 301 04d of the tubular 
body 30104a of the one-shot deactivatton devne is moved out of engagement with the 
engagement amns, 30026d and 30032d. of the tiiggere, 30026 and 30032. respectively. As 
a result, the triggere, 30026 and 30032, may operate nonnaliy as described above with 
reference to Figs. 17W, 17X, and 17Y. 

[00286] Conversely, in an exemplary embodiment, during operation of the adjustebte 
casing expansion cone assembly 30. as inustrated in Rgs. 17AA1 to 17AA4, the one-shot 
deactivation device 30104 are posltk>ned proximate and in intimate contect with the pins, 
30100a and 30100b, with the tepered ends. 30106b and 30108b. of the base membere. 
30106a and 30108a, of the engagement membere, 30106 and 30108, not received virtthin 
the external annular recess 30008ac of the tubular toggle bushing 30008. When the on&- 
shot deacthfation device 30104 is positioned as illustrated in F«s. 17AA1 to 17AA4, the 
external annular recess 30104d of the tubular body 30104a of the one-shot deactivation 
devfce is moved Into er^agement with the engagement anns, 30026d and 30032d. of the 



triggere. 30026 and 30032, respectively. As a result, the triggere, 30026 and 30032. are 
deactivated and may not operate nonnaliy as descrit)ed above with reference to Figs. 17W, 
17X and 17Y. 

[00287] In an alternative embodiment, the elements of the a(ijustat)le casing 
expansion cone as8emt)ly 30 that sense the diameter of the expandat)le weilbore casing 100 
may be disat)led or omitted or acQusted to sense any pre^lected internal diameter of the 
expandable welU)ore casing. 

[00288] In an exemplary embodimmt. Bs illustrated fai 18A to 18C. the packer setting 
tool assembly 32 includes a tubular adaptor 3202 that defines a longitudinal passage 3202a. 
radial external mounting holes, 3202b and 3202c, radial passages, 3202d and 3202e. and 
includes an external threaded connecfion 3202f at one end and an internal annular recess 
3202g having an Intemal threaded connection at another end. An external threaded 
connection 3204a of an end of a tubular upper mandrel 3204 that defines a tongitudlnal 
passage 3204b, internally threaded external mounting holes, 3204c and 3204d, and includes 
an extemal annular recess 3204e, external annular recess 3204f, external annular recess 
3204g, extemal flange 3204h, extemal splines 32041, and an intemal threaded connecbon 
3204j at another end is received within and Is coupled to the internally threaded connection 
of the intemal annular recess 3202g of the other end of the tubular adaptor 3202. Mounting 
screws. 3205a and 3205b, are received within and coupled to the mounting holes, 3204c 
and 3204d. of the tubular upper mandrel 3204 that also extend Into the radial passages, 
32Q2d and 3202e. of the tubular adaptor 3202. 

IP028fI An extemal threaded connection 3206a of an end of a mandrel 3206 that 
defines a longitudinal passage 3206b and includes an extemal annular iBcess 3206c and an 
extemal annular recess 3206d having an extemal threaded connection is received withbi 
and is coupled to the intemal threaded connection 3204j of the tubular upper mandrel 3204. 
An Intemal threaded connection 3208a of a tubular stinger 3208 that defines a longitudinal 
passage 3208b and includes an extemal annular recess 3208c and an extemal tapered 
annular recess 3208d and an engagement shoulder 3206e at another end receives and is 
coupled to the extemal threaded connection of the extemal annular recess 3206d of the 
mandrel 3206. A sealing member 3210 Is mounted upon and coupled to the extemal 
annular recess 3206d of the mandrel 3206. 

[00290] An intemal flange 321 2a of a tubular key 3212 that includes an extemal 
annular recess 3212b at one end and an intemal annular recess 3212c at another end is 
movaWy received vwithin and engages the extemal annular recess 3204f of the tubular upper 
mandrel 3204. A garter spring 3214 is received within and engages the extemal annular 
recess 3212b of the tubular key 3212. 

IPO^I] An end of a tubular bushing 3216 that defines a longitudinal passage 3216a 
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for receiving and mating with the upper mandrel 3204, and radial passages, 3216b and 
3216c, and indudes an external threaded connection 3216d at an Intennediate portion, and 
an external flange 3216e, an internal annular rscess 3216f, circumferentially spaced apart 
teeth 3216g, and extema! flanges, 3216h and 32161, at another end is recdved within and 
mates with the internal annular recess 3212c of the tubular key 3212. An internal threaded 
connection 3218a of a tubular drag block body 3218 that defines a longitudinal passage 
3218b for receiving the tubular bushing 3216, mounting holes, 3218c and 321 8d, mounting 
holes, 3218e and 3218f, and includes an internal threaded connection 3218g at one end, a 
centrally positioned external annular recess 321 8h, and an external threaded connection 
321 Si at another end is received within and coupled to the external threaded connection 
3216d of the tubular bushing 3216. 

[D0292] A first tubular keeper 3220 that defines mounting holes, 3220a and 3220b, is 
coupled to an end of the tubular drag block body 3218 by mounting screws, 3222a and 
3222b, that are received within and are coupled to tiie mounting holes, 3218c and 3218d, of 
the tubular drag block body. A second tubular keeper 3224 tiiat defines mounting holes, 
3224a and 3224b, is coupled to an end of the tubular drag block body 3218 by mounting 
screws, 3226a and 3226b, that are received wifliin and are coupled to tiie mounting holes, 
321 8e and 3218f, of the tubular drag bk>ck body. 

10029^ Drag blocks, 3228 and 3230, that are received within the external annular 
recess 3218h of the tubular drag bk>ck body 3218, include ends that mate with and are 
received within the end of the first tubular keeper 3220, and other ends tiiat mate witii and 
ars received within the end of tiie second tubular keeper 3224. TTie drag blocks, 3228 and 
3230, fiirtiier include internal annular recesses, 3228a and 3230a, respectively, that receive 
and mate wiUi ends of springs, 3232 and 3234, respectively. The springs, 3232 and 3234, • 
also receive and mate with tiie external annular recess 321 8h of the tubular drag btodk body 
3218. 

[00294[| An Vernal threaded connection 3236a of an end of a tubular releasing cap 
extensk>n 3236 that defines a k)ngitudinal passage 3236b and includes an internal annular 
recess 3236c and an internal ttveaded connection 3236d at anotiier end is received ^in 
and is coupled to tiie internal tiireaded connection 3218g of the tubular drag block body 
3218. An external threaded connection 3238a of an end of a tubular releasing cap 3238 that 
defines a longitudinal passage 3238b and includes an internal annular recess 3238c is 
received wittiln and coupled to tiie internal threaded connection 3236d of the tubular 
releasing cap extension 3236. A sealing element 3240 Is received within the internal annular 
recess 3238c of the tubular releasing cap 3238 for fluididy sealing tiie interface between the 
tubular releasing cap and the upper mandrel 3204. 

E0029C] An intemal threaded connection 3242a of an end of a tubular setting sleeve 



3242 that defines a longitudinal passage 3242b, radial passage 3242c, radial passages, 
3242d and 3242e. radial passage 3242f. and includes an internal flange 3242g at another 
end receives the external threaded connection 3218i of the tubular drag block body 3218. 
An internal flange 3244a of a tubular coupling ring 3244 that defines a longitudinal passage 
3244b and radial passages, 3244c and 3244d, receives and mates with the external flange 
3216h of the tubular bushing 3216 and an end face of the internal flange of the tubular 
coupling ring is positioned proximate and in opposing relation to an end face of the external 
flange 32161 of the tubular bushing. 

[00296] An internal flange 3246a of a tubular retaining collet 3246 that includes a 
plurality of axlally extending collet fingers 3246b, each having internal flanges 3246c at an 
end of each collet finger, for engaging and receiving the tubular coupling ring 3244 receives 
and mates with external flange 3216e of the tubular bushing 3216 and an end face of the 
internal flange of the tubular retaining collet is positioned proximate and in opposing relation 
to an end face of the external flange 321 6h of the tubular bushing. 

[00297] In an exemplary embodiment, the packer assembly 36 operates and is provided 
substantially, at least in part, as disclosed in one or more of the following: (1) PCT patent 
application serial number PCT/US03/14153, attorney docket number 25791.104.02, filed on 
11/13/2003, and/or (2) PCT patent application serial number PCT/US03/29460, attorney 
docket number 25791,114.02, filed on 9/23/2003, the disclosures of which are incorporated 
herein by reference. 

[00298] In an exemplary embodiment, as illustrated in Figs. 19-1 to 19-5, the packer 
assembly 36 includes a tubular upper adaptor 3602 that defines a longitudinal passage 
3602a having a tapered opening 3602b and mounting holes, 3602c and 3602d. that includes 
a plurality of circumferentially spaced apart teeth 3602e at one end, an external flange 
3602f, and an internal threaded connection 3602g at another end. In an exemplary 
embodiment, the. tubular upper adaptor 3602 is fabricated from aluminum. An external 
threaded connection 3604a of an end of a tubular upper mandrel 3604 that defines a 
longitudinal passage 3604b, mounting holes, 3604c and 3604d, mounting holes, 3604e and 
3604f, and mounting holes, 3604g and 3604h. and includes an external flange 36041, an 
internal annular recess 3604j, and an internal threaded connection 3604k at another end is 



received u^in and coupled to the Internal threaded connection 3602g of the tubular upper 
adaptor 36Q2. in an exemplary embodiment, the tubular upper mandrel 3604 Is febricated 
from aluminum. 

[00299] An upper tubular spacer ring 3606 that defines mounting holes, 3606a and 
3606b. receives and mates with the end of the tubular upper mandrel 3604 and includes an 
angled end face 3606c and another end face that is positioned proximate to an end ftice of 
the tubular upper adaptor 3602 is coupled to the tubular upper mandrel by shear pins, 3608a 
and 3608b, that are mounted within and coupled to the mounting holes, 3604c and 3606a, 
and, 3604d and 3606b, respedhrely, of the tubular upper mandrel and upper tubular spacer 
ring, respectively. A lower tubular spacer ring 3610 that Includes an angled end face 3610a 
receives, mates, and is coupled to the other end of the tubular upper mandrel 3604 and 
includes another end face that Is positioned proximate to an end face of the external flange 
36041 of the tubular upper mandrel 3604. In an exemplary embodiment, the upper and 
tubular spacer rings, 3606 and 3610, are fabricated from a composite material. 
tOOaoq An upper tubular slip 3612 that receives and Is movably mounted upon the 
tubular upp^ mandrel 3604 defines a longitudinal passage 3612a ha\rfng a tapered opening 
3612b and Includes external annular recesses. 3612c 3612d, 3612e, 3612f. and 3612g. and 
an angled end face 3612h that mates with and is positioned proximate the angled end face. 
3606c of the upper tubular spacer ring 3606. Slip retalnbig bands. 3614a. 3614b, 3614c, 
3614d, and 3614e, are rec^ved wHhIn and coupled to the extemal annular recesses, 3612c 
3612d. 3612e, 3612f, and 3612g. of the upper tubular slip 3612. A lower tubular sHp 3616 
ttiat receives and Is movably mounted upon the tubular upper mandrd 3604 defbies a 
longitudinal passage 3616a having a tapered opening 3616b and includes extemal annular 
recesses, 3616c, 3616d, 3616e, 36ief, and 36ieg, and an angled end face 3616h that 
mates with and is positioned proximate the angled end face 3610a of the lower tubular 
spacerring 3610. Slip retaining bands, 3618a, 3618b. 3618c 3618d. and 3618e. are 
received vwthin and coupled to the extemal annular recesses, 3616c, 36ied, 3616e. 36ief. 
and 3616g, of the lower tubular slip 3616. In an exemplary embodiment the upper and 
lower tubular slips, 3612 and 3616. are fabricated finom composfte materials, and at least 
some of the slip retaining bands, 3614a, 3614b, 3614c, 3614d. 3614e, 3618a, 3618b, 3618c 
361 8d, and 361 8e are fabricated from carbide insert materials. 

[00301] An upper tubular wedge 3620 ttiat defines an longitudinal passage 3620a for 
receiving the tubular upper mandrel 3604 and mounting holes, 3620b and 3620c, and 
Includes an angled end face 3620d at one end that is received vwthin and mates with the 
tapered opening 3612b of the upper tubular slip 3612, and an angled end face 3620e at 
another end is coupled to the tubular upper mandrel by shear pins, 3622a and 3622b, 
mounted within and coupled to the mounting holes, 3604e and 3620b, and, 3604f and 



3620c, respectively, of the tubular upper mandrel and upper tubular wedge, respective. A 
lower tubular wedge 3624 that defines an longitudinal passage 3624a for receiving the 
tubular upper mandrel 3604 and mounting holes, 3624b and 3624c and includes an angled 
end face 3624d at one end that is received within and mates with the tapered opening 3616b 
of the lower tubular slip 361 6, and an angled end face 3624e at another end is coupled to 
the tubular upper mandrel by shear pins. 3626a and 3626b, mounted within and coupled to 
the mounting holes, 3604g and 3624b, and, 3604h and 3624c, respectively, of the tubular 
upper mandrel and lower tubular wedge, respectively. In an exemplary embodiment, the 
upper and lower tubular wedges, 3620 and 3624, are fabricated frwn composfte materials. 
[OOSOg An upper tubular extrusion iimiter 3628 that defines a longitudinal passage 
3628a for receiving the tubular upper mandrel 3604 includes an angled end face 3628b at 
one end that mates with the angled end face 3620e of the upper tubular wedge 3620, an 
angled end face 3628c at another end having recesses 3628d, and external annular 
recesses, 3628e, 3628f and 3628g. Retaining bands, 3630a, 3630b, and 3630c, are 
mounted within and coupled to the external annular recesses, 3626e. 3628f and 3628g, 
respectively, of the upper tubular extrusion Iimiter 3628. Qrcular disc-shaped extrusion 
preventers 3632 are coupled and mounted within the recesses 3628d. A lower tubular 
extmsion Iimiter 3634 that defines a longitudinal passage 3634a for receiving the tubular 
upper mandrel 3604 includes an angled end fiace 3634b at one end that mates with the 
angled end face 3624e of the lower tubular wedge 3624, an angled end face 3634c at 
another end having recesses 3634d, and external annular recesses, 3634e. 3634f and 
3634g. Retaining bands. 3636a. 3636b, and 3636c are mounted within and coupled to the 
external annular recesses. 3634e. 3634f and 3634g, respectively, of the lower tubular 
extrusion Iimiter 3634. Circular disc-shaped extmsion preventere 3638 are coupled and 
mounted within the recesses 3634d. In an e)«mplary embodiment, the upper and lower 
extmsion limiters. 3628 and 3634. are fabricated from composite materials. 
[POSOq An upper tubular elastomeric packer element 3640 that defines a longitudinal 
passage 3640a for receiving the tLd>ular upper mandrel 3604 includes an angled end face 
3640b at one end that mates with and is positioned proximate the angled end face 3628c of 
the upper tubular extmsion Iimiter 3628 and an curved end face 3640c at another end. A 
lower tubular elastomeric packer element 3642 that defines a tongitudinal passage 3642a for 
receiving the tubular upper mandrel 3604 includes an angled end face 3642b at one end that 
mates with and is positioned proximate the angled end face 3634c of the tower tubular 
extrusion iimiter 3634 and an cun^ed end face 3642c at another end. 
[P0304] A centiTal tubular elastomeric packer element 3644 that defines a tongiludlnal 
passage 3644a for receiving the tubular upper mandrel 3604 includes a curved outer surface 
3644b for mating with and engaging the cunred end faces, 3640c and 3642c of the upper 



and lower tubular elastomeric packer elements. 3640 and 3642, respectively. 
[OOSOq An external threaded connecGon 3646a of a tubular lower mandrel 3646 that 
defines a longitudinal passage 3646b having throat passages, 3646c and 3646d, and flow 
ports, 3646e and 3646f, and a mounting hole 3646g, and includes an Internal annular recess 
3646h at one end, and an external flange 36461. internal annular recess 3646J, and internal 
threaded connection 3646k at another end. In an exemplary embodiment, the tubular lower 
mandrel 3646 is fabricated from aluminum. A sealing element 3648 is received within the 
inner annular recess 3604j of the other end of the tubular upper mandrel 3604 for sealing an 
interface between the tubular upper mandrel and the tubular lower mandrel 3646. 
[00306] A tubular sliding sleeve valve 3650 that defines a longitudinal passage 3650a 
and radial flow ports, 3650b and 3650c, and includes collet fingers 3650d at one end for 
engaging the internal annular recess 3646h of the lower tubular mandrel 3646, an external 
annular recess 3650e, an extemal annular recess 3650f, an external annular recess 3650g, 
and drcumferentially spaced apart teeth 3650h at another end is received within and Is 
sIMably coupled to the longitudinal passage 3646b of the tubular lower mandrel 3646. in an 
exemplary embodiment the tubular sliding sleeve vah^e 3650 is fabricated from aluminum. 
A set screw 3652 is mounted mthin and coupled to the mounting hole 3646g of the tubular 
lower mandrel 3646 that is received within the extemal annular recess 3650e of the tubular 
sliding sleeve 3650. Seafing elements. 3654 and 3656, are mounted within the extemal 
annular recesses, 3650f and 3650g, respectively, of the tubular sliding sleeve valve 3650 for 
sealing an interbce between the tubular sikiing sleeve valve and the tubular tower mandrel 
3646. 

[00307] An end of a tubular outer sleeve 3658 ttiat defines a longitudinal passage 
3658a, radial passages, 3658b and 3658c upper flow ports, 3658d and 3658e, lower flow 
ports, 3658f and 3658g, and radial passages, 3658h and 36581, receives, mates with, and is 
coupled to the other end of the tubular upper mandrel 3604 arKi an end fece of the end of 
the tubular outer sleeve is positioned proximate and end face of the lower tubular spacer ring 
3610. The other end of the tubular outer sleeve 3658 receives, mates with, and Is coupled 
to the other end of the tubular lower mandrel 3646. 

[P030q An extemal threaded connectton 3660a of an end of a tubular bypass 
mandrel 3660 that defines a longitudinal passage 3660b, upper flow ports, 3660c and 
3660d, lower flow ports, 3660e and 3660f, and a mounting hole 3660g and includes an 
internal annular recess 3660h and an extemal threaded connectton 36601 at another end is 
received within and coupled to the internal threaded connectton 3646k of the tubular lower 
mandrel 3646. A sealing element 3662 is received vwthin the internal annular recess 3646j 
of the tubular lower mandrel 3646 for sealing an interface t)etween the tubular lower marKlral 
and the tubular bypass mandrel 3660. 
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[00309] A tubular plug seat 3664 that defines a longitudinal passage 3664a having a 
tapered opening 3664b at one end. and flow ports, 3664c and 3664d, and includes an 
external annular recess 3664e, an external annular recess 3664f, an external annular recess 
3664g, an external annular recess 3664h. and an external annular recess 36641 having an 
external threaded connection at another end is received wftWn and is movably coupled to the 
longitudinal passage 3660b of the tubular bypass mandrel 3660. A tubular nose 3666 is 
threadably coupled to and mounted upon the external annular recess 36641 of the tubular 
plug seat 3664. In an exemplary embodiment, the tubular plug seat 3664 Is fabricated from 
aluminum. Sealing elements, 3668, 3670, and 3672, are received within the external 
annular recesses, 3664e, 3664g, and 3664h, respectively, of the tubular plug seat 3664 fbr 
sealing an Interface between the tubular plug seat and the tubular bypass mandrel 3660. A 
set screw 3674 is mounted within and coupled to the mounting hole 3660g of the tubular 
bypass mandrel 3660 that is received within the extemal annular recess 3664f of the tubular 
plug seat 3664. 

I0031(q An end of a tubular bypass sleeve 3676 that defines a longitudinal passage 
3676a and includes an intemal annular recess 3676b at one end and an internal threaded 
connection 3676c at another end is coupled to the other end of the tubular outer sleeve 3658 
and mates with and receives the tubular bypass mandrel 3660. In an exemplary 
embodiment, the tubular bypass sleeve 3676 Is fabricated from aluminum. 
[00311] An external threaded connection 3678a of a tubular valve seat 3678 that 
defines a longitudinal passage 3678b Including a valve seat 3678c and u|>-jet flow ports, 
3678d and 3678e, and includes a spring retainer 3678f and an extemal annular recess 
3678g is received within and Is coupled to the internal threaded connection 3676c of the 
tubular bypass sleeve 3676. In an exempl»y embodiment, the tubular valve seat 3678 Is 
fabricated from aluminum. A sealing element 3680 Is received within the extemal annular 
recess 3678g of the tubular valve seat 3678 for fluidicly sealing an Interiace between the 
tubular valve seat and the tubular bypass sleeve 3676. 

IP0312] A poppet valve 3682 mates with and is positioned within the valve seat 3678c 
of the tubular valve seat 3678. An end of the poppet valve 3682 is coupled to an end of a 
stem bolt 3684 that Is slidingly supported fbr longitudinal displacement by the spring retainer 
3678f A valve spring 3686 that surrounds a portion of the stem bolt 3684 is portioned in 
opposing relation to the head of the stem bolt and a support 3678fa of the spring r^ainer 
3678f.for biasing the poppet valve 3682 Into engagement with the valve seat 36780 of the 
tubular valve seat 3678. 

100313] An end of a composite nose 3688 that defines a longitudinal passage 3688a 
and mounting holes. 3688b and 3688c and includes an intemal threaded connection 3688d 
at another end receives, mates with, and is coupled to the other end of the tubular valve seat 



3678. A tubular nose sleeve 3690 that defines mounting holes, 3690a and 3690b, is 
coupled to the composite nose 3688 by shear pins, 3692a and 3692b, that are mounted m 
and coupled to the mounting holes, 3688b and 3690a, and, 3688c and 3690b, respectively, 
of the composite nose and tubular nose sleeve, respectively. 

[00314 An external threaded connection 3694a of a bafRe nose 3694 that defines 
longitudinal passages, 3694b and 3694c, is received within and is coupled to the internal 
threaded connection intemal threaded connecbon 3688d of the composite nose 3688. 
[DOSiq In an exemplary embodiment as illustrated in Figs. 19A1 to 19A5, during ttie 
operation of the packer setting tool assembly 32 and packer assembly 36, the packer setting 
tool and packer assembly are coupled to one another by inserting the end of the tubular 
upper adaptor 3602 into the other end of the tubular coupling ring 3244, bringing the 
drcumferentially spaced teeth 3216g of the other end of the tubular bushing 3216 into 
engagement with the drcumferentially spaced teeth 3602e of the end of the tubular upper 
adaptor, and mounting shear pins, 36100a and 36100b, within the mounting holes, 3244c 
and 3602c, and, 3244d and 3602d, respectively, of tiie tubular coupling ring and tubular 
upper adaptor, respectively. As a result, tiie tubular mandrel 3206 and tubular stinger 3208 
of the packer setting tool assembly 32 are thereby positioned within the longitudinal passage 
3604a of the tubular upper mandrel 3604 with tiie 3208e of the tubular stinger positioned 
within tiie longitudinal passage 3646b of the tubular lower mandrel 3646 proximate ttie collet 
fingers 3650d of the tubular sikling sleeve vaNe 3650. 

I0031Q Furthemnore, In an exemplary embodiment during the operation of the packer 
setting tool 32 and packer assembly 36, as Illustrated in Figs. 2QA1 to 2QA5, the packer 
setting tool and packer assembly are positioned witiiin the expandable weilbore casing 100 
and an Intemal tfiiBaded connection 30a of an end of the adjustable casing expansion cone 
assembly 30 receives and is coupled to the external threaded connection 32Q2f of tiie end of 
tiie tubular adaptor 3202 of the packer setting tod assembly. Furthemiore, shear pins, 
36102a and 36102b, mounted wiOiin the mounting holes, 3658b and 3658c, of tiie tubular 
outer sleeve 3658 couple the tubular outer sleeve to the expandable weilbore casing. As a 
result torsion loads may transfenred between tiie tubular outer sleeve 3658 and the 
expandable weilbore casing 100. 

[00317] In an exemplary embodiment as illustrated in Rgs. 20B1 to 20B5. a 
conventional plug 36104 is tiien Injected into the setting tool assembly 32 and packer 
assembly 36 by injecting a fluidic material 36106 into the setting tool assembly and packer 
assembly tiirough tiie longitudinal passages, 3202a, 3204b, 3206b, 3208b, 3650a, 3646a, 
3660b, and 3664a of tiie tubular adaptor 3202, tubular upper mandrel 3204, tubular mandrel 
3206, tubular stinger 3208, tubular sliding sleeve valve 3650, tubular lower mandrel 3646, 
tubular bypass mandrel 3660, and tubular plug seat 3664, respectively. The plug 36104 is 



thereby positioned within the longitudinal passage 3664a of the tubular plug seat 3664. 
Continued injection of tiie fluidic material 36106 following the seating of the plug 1606 within 
tiie longitudinal passage 3664a of ttie tubular plug seat 3664 causes the plug and the tubuiar 
plug seat to be displaced downwardly in a direction 36108 until further movement of the 
tubular plug seat is prevented by interaction of the set screw 3674 with the external annular 
recess 3664f of tiie tubular plug seat As a result, the flow ports. 3664c and 3664d, of the 
tubular plug seat 3664 are moved out of alignment unth the upper flow ports, 3660c and 
3660d. of the tubular bypass mandrel 3660. 

[0031 q in an exemplary embodiment, as illustrated in Figs. 20C1 to 20C5, after the 
expandable wellbore casing 100 has been radially expanded and plastically defonned to 
forni at least the bell section 1 12 of tiie expandable virellbore casing 100 ttiereby shearing 
the shear pins, 36102a and 36102b, the setting tool assembly 32 and packer assembly 36 
aiB tiien moved upwardly to a position vwittiin the expandable wellbore casing 100 above the 
beir section. The tubular adaptor 3202 is then rotated, by rotating ttie tool string of the 
system 10 above the setting tool assembly 32, to displace and position the drag blocks, 
3228 and 3230, into engagement with the interior surface of the expandable wellbore casing 
100. 

[P0319] As a resutt <rf the engagement of the drag blocks. 3228 and 3230, with the 
interior surfece of the expandable wellbore casing 100, further rotation of the drag titodks 
relative to the vi«llbore casing is prevented. ConsequenUy. due to the opeiab'on and 
interacb'on of ttie threaded connections, 3216d and 3218a, of the tubular bushing 3216 and 
tubular drag block body 3218, respectively, further rotation of the tubular adaptor 3202 
causes tiie tubular drag block body and setting sleeve 3242 to be displaced downwardly in a 
direction 361 12 relative to tiie remaining elements of tiie setting tool assembly 32 end 
packer assembly 36. As a result, the setting sleeve 3242 engages and displaces tiie upper 
tubular spacer ring 3606 tiiereby shearing tiie shear pins, 3622a and 3622b, and driving the 
upper tubular slip 3612 onto and up the angled end face 3620d of tiie upper tubular wedge 
3620 and into engagement witti the Interior surface of tiie expandable vwellbore casing 100. 
As a result longitudinal displacement of tiie upper tubular slip 3612 relative to tiie 
expandable wellbore casing 100 is prevented. Furthennore, as a result, tiie 3246b collet 
fingers of tfie tubular retaining collet 3246 are disengaged from the tubular upper adaptor 
3602. 

0)0320] In an alternative embodiment, after Oie drag blocks, 3228 and 3230, engage 
tiie interior surface of tiie expandable wellbore casing 100, an upward tensile force is applied 
to the tubular support member 12, and ttie ball gripper assembly 16 Is tiien operate to 
engage the Interior surface of the expandable wellbore casing. The tension actuator 
assembly 18 s then operated to apply an upwani tensile force to the tubular adaptor 3202 
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thereby pulflng the upper tubular spacer ring 3606, lower tutHilar spacer ring 3610. upper 
tubular slip 3612. lower tubular slip 3616. upper tubular wedge 3620, lower tubular wedge 
3624, upper tubular extmslon Iimiter3628, lower tubular extrusion Iimlter3634, and central 
tubular elastomeric element 3644 upwardly Into contact vWth the 3242 thereby compressing 
the upper tubular spacer ring, lower tubular spacer ring, upper tubular slip, lower tubular slip, 
upper tubular wedge, lower tubular wedge, upper tubular extrusion llmlter, lower tubular 
extmsion llmlter, and central tubular elastomeric element As a result, the upper tubular slip 
3612, lower tubular slip 361 6. and central tubular elastomeric element 3644 engage the 
interior surfece of the expandable wellbore casing 1 00. 

[00321] In an exemplary embodiment, as illustrated In Figs. 20D1 to 20D5, an upwani 
tensfle force is then applied to the tubular adaptor 3202 thereby compressing the lower 
tubular slip 3616. lower tubular wedge 3624. central elastomeric packer element 3644. upper 
tubular extrusion llmiter 3628, and upper tubular wedge 3620 between the lower tubular 
spacer ring 3610 and the stationary upper tubular slip 3612. As a result, the lower tubular 
slip 3616 is driven onto and up the angled end face 3624d of the lower tubular wedge 3624 
and into engagement wnth the Interior surface of the expandable wellbore casing 100, and 
the central elastomeric packer element 3644 Is compressed radially outwardly Into 
engagement with the Interior surface of the expandable tubular member. As a result, further 
longitudinal displacement of the upper tubular slip 3612, lower tubular slip 3616, and central 
elastomeric packer element 3644 relative to the expandable wellbore casing 100 Is 
prevented. 

IQ0322] In an exemplary embodiment, as iUustrated in Rgs. 20E1 to 20E6, continued 
application of the upward tensile force to tubular adaptor 3202 wiD then shear the shear pins, 
1602a and 1602b. thereby disengaging the setting tool assembly 32 from the packer 

assembly 36. 

[0032^ In an exemplary embodiment, as illustrated in Rgs. 20F1 to 20F6, witt» the 
drag blocks, 3228 and 3230, In engagement with the interior surface of the expandable 
wellbore casing 100, the tubular adaptor 102 is further rotated thereby causing the tubular 
drag block body 321 8 and setting sleeve 3242 to be displaced further downwardly In the 
direction 361 13 until the tubular drag block body and setting sleeve are disengaged from the 
tubular stinger 3208. As a result, the tubular stinger 3208 of the setting tool assembly 32 
may then be displaced downwardly Into complete engagement with the tubular sliding sleeve 
valve 3650. 

[003241 In an exemplary embodiment as illustrated In Rgs. 20G1 to 20G6, a fluidic 
material 361 14 Is then Injected into the setting tool assembly 32 and the packer assembly 36 
through the longitudinal passages 3202a, 3204b, 3206b, 3208b. 3604b, 3650a. and 3646b 
of the tubular adaptor 3202, tubular upper mandrel 3204, tubular mandrel 3206, tubular 



stirrer 3208, tubular upper mandrel 3604, tuixjiar sliding sleeve valve 3650, and tubular 
lower mandrel 3646. respectively. Because, the plug 36104 is seated within and blocks the 
longitudinal passage 3664a of the tubular plug seat 3664, the longitudinal passages 3804b, 
3650a. and 3646b of the tubular upper mandrel 3604, tubular sliding sleeve valve 3650, and 
tubular lower mandrel 3646 are pressurized thereby displacing the tubular upper adaptor 
3602 and tubular upper mandrel 3604 downwardly until the end face of the tubular upper 
mandrel impacts the end face of the upper tubular spacer ring 3606. 
[D0325] In an exemplary embodiment as illustrated in Figs. 20H1 to 20H5, the setting 
tool assembly 32 is brought back into engagement with the packer assembly 36 until the 
engagement shoulder 3208e of the other end of the tubular stinger 3208 engages the collet 
fingers 3650d of the end of the tubular sliding sleeve valve 3650. As a resuK. further 
downward displacement of the tubular stinger 3208 displaces the tubular slidir^g sleeve valve 
3650 downwardly until the radial flow ports, 3650b and 3650c. of the tubular sliding sleeve 
valve are aligned with the flow ports, 3646e and 3646f, of the tubular lower mandrel 3646. A 
hardenable fluidic sealing material 361 16 may then be injected into the setting tool assembly 
32 and the packer assembly 36 through the longitudinal passages 3202a, 3204b, 3206b, 
3208b, and 3650a of the tubular adaptor 3202, tubular upper mandrel 3204, tubular mandrel 
3206. tubular stinger 3208, and tubular sHding sleeve valve 3650. respectively. The 
hardenable flukiic sealing material may then fk)w out of the packer assembly 36 through the 
upper flow ports, 3658d and 3658e, Into the annulus between the expandable wellbore 
casing 100 and the wellbore 102. 

[00328] The tubular sliding sleeve vah/e 3650 may then be returned to its original 
position, with the radial flow ports, 3650b and 3650c, of the tubular sliding sleeve valve out 
of alignment with the flow ports, 3646e and 3646f, of the tubular lower mandrel 3646. The 
hardenable fluidic sealing material 361 16 may then be allowed to cure before, during, or 
after the continued operation of the system 10 to ftjrther radially expand and plastically 
deform the expandable wellbore casing. 

[00327] In an altemative embodiment, as illustrated in Figs. 21 and 21 A to 21 AX. the 
packer assembly 36 includes an upper tubular spacer ring 36200 receives and mates with 
the end of the tubular upper mandrel 3604 and includes an angled end face 36200a that 
includes a plurality of spaced apart radial grooves 36200b and another end face that is 
positioned proximate to an end ^ce of the tubular upper adaptor 3602 is coupled to the 
tubular upper mandrel by shear pins. 36202a, 36202b. 36202c. and 36202d. A lower tubular 
spacer ring 36204 that includes an angled end face 36204a that includes a plurafity of 
spaced apart radial grooves 36204b receives, mates, and is coupled to the other end of the 
tubular upper mandrel 3604 and includes another end face that is positioned proximate to an 
end face of the extemal flange 36041 of the tubular upper mandrel 3604. In an exemplary 



embodiment, the upper and tubular spacer rings, 3606 and 3610, are fabricated from a 
composite material. 

[00328] An upper tubular slip assembly 36206 that receives and Is movably mounted 
upon the tubular upper mandrel 3604 includes a pluraHty of substantially identical slip 
elements 36206a that each include an exterior arcuate cylindrical surfiace 36206aa including 
mounting holes, 36206ab, 36206ac. 36206ad, 36206ae, 36206af, 36206ag, 36206dh, 
36206ai. and 36206aj, and grooves, 36206aJ and 36206ak, a front end fece 36206al, a rear 
end face 36206am including a mounting hole 36206an, side faces, 36206ao and 36206ap, 
an interior arcuate cylindrical surface 36206aq that mates with the exterior surface of the 
tubular upper mandrel 3604, and an interior tapered surface 36206ar including a mounting 
hole 36206as. Mounting pins 36206at are received within and coupled to the mounting 
holes 36206an and are received within conesponding radial grooves 36200b of the angled 
end face 36200a of the upper tubular spacer ring 36200. Retaining pins 36206au are 
mounted within and coupled to the mounting holes 36206as that include heads 36206av. 
Slip retaining bands, 36206aw and 36205ax, are received within and coupled to grooves, 
36206aj and 36206alc, respectively, of the slip elements 36206a. Slip gripping elements, 
36206ay, 36206az, 36206aaa, 36206aab, 36206aac, 36206aad, 36206aae, 36206aaf, and 
36206aag, are mounted within, coupled to, and extend out of the mounting holes, 36206ab, 
36206ac 36206ad, 36206ae, 36206af, 36206ag, 36206ah, 36206ai, and 36206aJ. 
respectively. In an exemplary embodiment, the adjacent exterior arcuate cylindrical surfaces 
36206aa of the identical slip elements 36206a of the upper tubular slip assembly 36206 
together define a sut>stantially contiguous cylindrical surface. 

[0032q A lower tubular slip assembly 36208 that receives and Is movably mounted 
upon the tubular upper mandrel 3604 includes a plurality of substantially Identical slip 
elements 36208a that each include an exterior arcuate cylindrical surface 36208aa including 
mounting holes, 36208ab, 36208ac. 36208ad, 36208ae, 36208af, 36208ag, 36208ah. 
36208al, and 36208ai, and grooves, 36208aj and 3620Baic, a front end face 36208al, a rear 
end face 36208am including a mounting hole 36208an, side ^K^es, 36208ao and 36208ap, 
an interior arcuate cylindrical surfece 36208aq that mates with the exterior suriace of the 
tubular upper mandrel 3604, and an interior tapered surface 36208ar including a mounting 
hole 36208as. Mounting pins 36208at are received within and coupled to the mounting 
holes 36208an and are receh^ed witiiin conresponding radial grooves 36204b of the angled 
end face 36204a of the lower tubular spacer ring 36204. Retaining pins 36208au are 
mounted within and coupled to the mounting holes 36208as that include heads 36208av. 
Slip retaining bands, 36208aw and 36208ax, are received within and coupled to grooves, 
36208aj and 36208aic, respectively, of the slip elements 36208a. Slip gripping elements, 
36208ay, 36208az, 36208aaa, 36208aab, 36208aac. 36208aad, 36208aae, 36208aaf, and 



36208aag, are mounted within, coupled to, and extend out of the mounting holes, 36208ab, 
36208ac, 36208ad, 36208ae. 36208af, 3620Bag. 36208ah, 36208ai, and 36208aJ, 
respectively. In an exemplary embodiment, the adjacent exterior arcuate cylindrical surfaces 
36208aa of the identical slip elements 36208a of the upper tubular slip assembly 36208 
together define a substantially contiguous cylindrical surface. 

[00330] An upper tubular wedge 3621 0 that receives the tubular upper mandrel 3604 
includes an angled front end face 36210a including spaced apart radial grooves 36210b, a 
rear end lace 36210c, an exterior cylindrical surface 3621 Od, a plurality of spaced apart 
faceted tapered exterior surface segments 3621 Oe that mate with corresponding tapered 
internal surfaces 36206ar of corresponding slip elements 36206a of the upper tubular slip 
assembly 36206, and T-shaped exterior grooves 3621 Of aligned with the midline of 
con^esponding faceted tapered exterior surface segments that extend from the angled er^ 
face to the rear end face that receive and mate with corresponding retaining pins 36206au of 
corresponding slip elements of the upper tubular slip assembly. The upper tubular wedge 
36210 is releasably coupled to the tubular upper mandrel 3604 by shear pins 3621 1. 
[00331] A lower tutHJiar wedge 36212 that receives the tubular upper mandrel 3604 
includes an angled front end fece 36212a including spaced apart radial grooves 36212b, a 
reared face 36212c, an exterior cylindrical suriiace 36212d, a plurality of spaced apart 
faceted tapered exterior surfeoe segments 36212e that mate VMth connesponding tapered 
Internal surfaces 36208ar of corresponding slip elements 36208a of the upper tubular slip 
assembly 36208, and T-shaped exterior grooves 3621 2f aligned with the midline of 
connesponding faceted tapered exterior surface segments that extend from the angled end 
face to the rear end face that receive and mate with conBsponding retaining pins 36208au of 
corresponding slip elements of the lower tubular slip assembly. The lower tubular wedge 
36212 is releasably coupled to the tubular upper mandrel 3604 by shear pins 36213. 
[0033ig An upper tubular extrusion limiter assembly 3621 4 that receives and is 
movably mounted upon the tubular upper mandrel 3604 IrKdudes a plurality of substantially 
Identical extrusion limiter elements 36214a that each include an angled front end face 
36214aa having a recessed portion 36214ab, an angled rear end ^ce 36214ac that defines 
a mounting hole 36214ad. an interior arcuate cylindrical surface 36214ae that mates with the 
tubular upper mandrel, and an exterior arcuate cylindrical surface 36214af including 
grooves, 36214ag, 36214ah, and 36214al. Disk extrusion preventers 36214aj are mounted 
within and coupled to the recessed portions 36214ab of adjacent extrusion limiter elements 
36214a, and mounting pins 36214ak are mounted within and coupled to mounting holes 
36214ad of corresponding extrusion limiter elements 36214a that are received within 
corresponding radial grooves 36210b of the front end face 36210a of the upper tubular 
wedge 36210. Retaining bands, 36214al, 36214am, and 36214an, are positioned within and 



coupled to the grooves, 36214ai, 36214ah. and 36214ag, respectively, of the extrusion 
limiter elements 36214a. 

[00333] A lower tubular extrusion limiter assembly 3621 6 that receives and is movably 
mounted upon the tubular upper mandrel 3604 includes a plurality of substantially identical 
extrusion limiter elements 36216a that each include an angled front end face 36216aa 
having a recessed portion 3621 6ab. an angled rear end face 36216ac that defines a 
mounting hole 36216ad. an interior arcuate cylindrical surface 36216ae that mates with the 
tubular upper mandrel, and an exterior arcuate cylindrical surface 36216af including 
grooves. 36216ag. 36216ah, and 36216ai. Disk extrusion preventers 36216aj are mounted 
within and coupled to the recessed portions 3621 6ab of adjacent extrusion limiter elements 
36216a, and mounting pins 36216ak are mounted within and coupled to mounting holes 
36216ad of corresponding extrusion limiter elements 36216a that are received within 
corresponding radial grooves 36212b of the front end face 36212a of the lower tubular 
wedge 36212. Retaining bands, 36216al. 36216am. and 36216an. are positioned within and 
coupled to the grooves, 36216ag, 36216ah, and 36216ai, of the extrusion limiter elements 
36216a. 

[00334] The angled end face 3640b of the upper tubular elastomeric packer element 
3640 mates with and is positioned proximate the angled end faces 36214aa and disk 
extrusion preventers 3621 4aj of the extrusion limiter elements 36214a of the upper tubular 
extrusion limiter assembly 36214. and the angled end face 3642b of the lower tubular 
elastomeric packer element 3642 mates with and is positioned proximate the angled end 
faces 3621 6aa and disk extrusion preventers 3621 6aj of the extrusion limiter elements 
36216a of the lower tubular extrusion limiter assembly 36216. 

[00335] During operation of the alternative embodiment of the packer assembly 36 

described above with reference to Figs. 21 and 21 A to 21 AX, the first step in setting the 

packer assembly 36 includes pushing the slip elements, 36206a and 36208a, of the upper 

and lower slip assemblies, 36206 and 36208, respectively, up the upper and lower tubular 

wedges, 36210 and 36212, respectively, which breaks the retaining rings, 36206aw and 

36206ax, and 36208aw and 36208ax, respectively, and moves the slip elements outwardly 

against the interior surface of the expandable wellbore casing 100. In an exemplary 

embodiment, during the radial displacement of the slip elements, 36206a and 36208a, the 

retaining pins, 36206au and 36208au, respectively, and the mounting pins, 36206at and 

36208at, respectively, maintain the slip elements in an evenly spaced apart configuration. In 

an exemplary embodiment, during the operation of the packer assembly 36. the mounting 

pins, 36214ak and 36216ak. maintain the extrusion limiter elements, 36214a and 36216a, of 

the upper and lower tubular extrusion limiter assemblies. 36214 and 36216. respectively, in 

an evenly spaced apart configuration. The operation of the altemative emlx)diment of the 
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packer assembly 36 described above with reference to Figs. 21 and 21 A to 21AX is 
othenvise substantially identical to the operation of the packer assembly described above 
with reference to Figs. 20A1 to 20A5, 20B1 to 20B5, 20C1 to 20C5. 20D1 to 20D5. 20E1 to 
20E6. 20F1 to 20F6, 20G1 to 20G6. and 20H1 to 20H5. 

[00336] In an exemplary embodiment, the system 10 is provided as illustrated in 
Appendix A to the present application which con-esponds generally to the extension actuator 
assembly 26 described above with reference to Figs. 15-1. 15-2, 15A1, 15A2, 15B1. 1582. 
15C1. 15C2. 15D. 15E1 to 15E5. 15F1 to 15F5. and 15G1 to 15G5. 
[00386] It is understood that variations may be made in the foregoing without 
departing from the scope of the claims. For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, or a structural support. 
Furthermore, the elements and teachings of the various illustrative embodiments may be 
combined in whole or in part in some or all of the illustrative embodiments. In addition, one 
or more of the elements and teachings of the various illustrative embodiments may be 
omitted, at least in part, and/or combined, at least in part, with one or more of the other 
elements and teachings of the various illustrative embodiments. 

[00387] Although Illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in the 
foregoing disclosure. Accordingly, it is appropriate that the appended claims be construed 
broadly. 
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Claims 

1. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

an expansion device for radially expanding and plastically defomiing the tubular member 
coupled to the support member; and 

a locking device for locking the position of the tubular member relative to the support 
member; 

wherein the locking device comprises: 

one or more locking elements for engaging an interior surface of the expandable 

tubular member; and 
one or more spring elements for biasing corresponding locking elements out of 

engagement with the interior surface of the expandable tubular member. 

2. The apparatus of claim 1 . further comprising a cutting device for cutting the tubular 
member coupled to the support member; 

wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with 
the interior surface of the expandable tubular member. 

3. The apparatus of claim 2, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

4. The apparatus of claim 3. wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 



5. The apparatus of claim 2, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetermined value. 



6. 



The apparatus of claim 5, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 



7. The apparatus of claim 1 , further comprising a cutting device for cutting the tubular 
member coupled to the support member; 

wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

8. The apparatus of claim 7. wherein the locking device further comprises: 

a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

9. The apparatus of claim 8. wherein the locking device further comprises: 

an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

10. The apparatus of claim 9, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 




The apparatus of daim 8, wherein the locking device further comprises: 

a sensor coupled to the loclcing element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 

a predetermined value. 

The apparatus of claim 1 1 , wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 1, further comprising: 

a cutting device for cutting the tubular member coupled to the support member; 
an actuator for displacing the expansion device relative to the support member; 
wherein the actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 

The apparatus of claim 13, wherein the locking device further comprises: 
a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

The apparatus of claim 14, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements: 

The apparatus of claim 15, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

The apparatus of claim 14. wherein the locking device further comprises: 



a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemnined value. 

The apparatus of claim 1 7, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 13, wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into conresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; and 
wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 19. wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements in engagement with the interior surface of the 

expandable tubular member. 

The apparatus of claim 20, wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

The apparatus of claim 21, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 
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The apparatus of claim 20, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 

a predetermined value. 

The apparatus of claim 23, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 1, further comprising: 

a cutting device for cutting the tubular member coupled to the support member; and 
an actuator for displacing the expansion device relative to the support member; 
wherein the actuator comprises: 

a first actuator for pulling the expansion device; and 

a second actuator for pushing the expansion device; 

and 

wherein the second actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 

The apparatus of claim 25, wherein the locking device further comprises: 
a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

The apparatus of claim 26, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

The apparatus of claim 27, wherein the actuator comprises: 



a fluid powered actuator for displadng the locking element retainer relative to the locking 
elements. 

The apparatus of claim 26, wherein the locking device further comprises: 
a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetenmined value. 

The apparatus of claim 29, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 25. wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; and 
wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 31. wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

The apparatus of daim 32, wherein the locking device further comprises: 
an actuator coupled to the housing for displadng the locking element retainer relative to 
the locking elements. 



34. The apparatus of claim 33, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

35. The apparatus of claim 32, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

36. The apparatus of claim 35, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

37. The apparatus of claim 1, further comprising an actuator coupled to the support member 
for displacing the expansion device relative to the support member, 

wherein the actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support memt>er. 

38. The apparatus of claim 37, wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

39. The apparatus of claim 38, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

40. The apparatus of claim 39. wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 



The apparatus of claim 38, wherein the locking device further comprises: 
a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetenmined value. 

The apparatus of claim 41, wherein the sensor comprises: 
a pressure sensor for displadng the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemiined value. 

The apparatus of claim 37, wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend Into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; and 
wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing con-esponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 43, wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements in engagement with the interior surface of the 

expandable tubular member. 

The apparatus of claim 44, wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

The apparatus of claim 45. wherein the actuator comprises: 



a fluid powered actuator for displadng the locking element retainer relative to the locking 
elements. 

47. The apparatus of claim 44. wherein the locking device further comprises: 

a sensor coupled to the tocking element retainer for displacing the locking element 

retainer relative to the locking elements If a sensed operating condition exceeds 
a predetennlned value. 

48. The apparatus of claim 47, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

49. The apparatus of claim 1 , further comprising an actuator coupled to the support member 
for displacing the expansion device relative to the support member. 



50. The apparatus of claim 49. wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements In engagement with the 
interior surface of the expandable tubular member. 

51 . The apparatus of claim 50. wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

52. The apparatus of claim 51 , wherein the actuator comprises: 
a fluid powered actuator for displacing the locking element retainer relative to the locking 



53. 



elements. 



The apparatus of claim 50. wherein the locking device further comprises: 
a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetennined value. 
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54. The apparatus of claim 53, wherein the sensor comprises: 

a pressure sensor for displadng the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemiined value. 

55. The apparatus of claim 1 . further comprising an actuator coupled to the support member 
for displacing the expansion device relative to the support member; 

wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into con-esponding openings of the housing for 
engaging the interior surface of the expandable tubular memben and 
wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 



The apparatus of claim 55, wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements in engagement with the interior surface of the 

expandable tubular member. 



The apparatus of claim 56, wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 



58. The apparatus of claim 57, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 
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59. The apparatus of claim 56, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

60. The apparatus of claim 59, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

61 . The apparatus of claim 1 . further comprising a sealing assembly for sealing an annulus 
defined between the support member and the tubular member. 

62. The apparatus of claim 61 , wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

63. The apparatus of claim 62. wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

64. The apparatus of claim 63, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

65. The apparatus of claim 62, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemiined value. 

66. The apparatus of claim 65, wherein the sensor comprises: 



a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemriined value. 

67. The apparatus of claim 1 . further comprising a sealing assembly for sealing an annulus 
defined between the support member and the tubular member; 
wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of drcumferentially spaced apart locking elements coupled to the 
housing that extend into con^esponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing con-esponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

68. The apparatus of claim 67. wherein the locking device further comprises: 

a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

69. The apparatus of claim 68, wherein the locking device further comprises: 

an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

^0, The apparatus of claim 69, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 



The apparatus of daim 68, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 

a predetermined value. 

The apparatus of claim 71 . wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 1 , further comprising: 

a sealing assembly for sealing an annulus defined between the support member and the 

tubular member; and 
an actuator for displacing the expansion device relative to the support member; 
wherein the actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 

The apparatus of claim 73, wherein the locking device further comprises: 
a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

The apparatus of claim 74, wherein the locking device further comprises: 

an actuator for displadng the locking element retainer relative to the locking elements. 

The apparatus of daim 75, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

The apparatus of daim 74, wherein the locking device further comprises: 



a sensor for displacing the iodting element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemiined value. 

The apparatus of claim 77, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 73. wherein the locking device further comprises: 
a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into con-esponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing con-esponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 79. wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements In engagement with the interior surface of the 

expandable tubular member. 

The apparatus of claim 80. wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

The apparatus of claim 81. wherein the actuator comprises: 




a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

The apparatus of claim 80, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 

a predetermined value. 

The apparatus of claim 83, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemiined value. 

The apparatus of claim 1, further comprising: 

a sealing assembly for sealing an annulus defined between the support member and the 

tubular member; and 
an actuator for displadng the expansion device relative to the support member; 
wherein the actuator comprises: 

a first actuator for pulling the expansion device; and 

a second actuator for pushing the expansion device; 

and 

wherein the second actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 

The apparatus of claim 85, wherein the locking device further comprises: 
a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

The apparatus of claim 86, wherein the locking device further comprises: 

an actuator for displadng the locking element retainer relative to the locking elements. 
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The apparatus of claim 87, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

The apparatus of claim 86. wherein the locking device further comprises: 
a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetermined value. 

The apparatus of claim 89, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

The apparatus of claim 85, wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of drcumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member and 
wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 91 , wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements in engagement with the interior surface of the 

expandable tubular member. 

The apparatus of claim 92, wherein the locking device further comprises: 
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an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

The apparatus of claim 93, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

The apparatus of claim 92. wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displadng the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 

a predetermined value. 

The apparatus of claim 95, wherein the sensor comprises: 
a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetenmined value. 

The apparatus of daim 1, wherein the expansion device comprises: 

a first expansion device for radially expanding and plastically defomning the tubular 

member coupled to the support member; and 
a second expansion device for radially expanding and plastically deforming the tubular 

member coupled to the support member. 

The apparatus of claim 97, wherein the locking device further comprises: 
a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

The apparatus of claim 98. wherein the locking device further comprises: 
an actuator for displacing the locking element retainer relative to the locking elements. 
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The apparatus of claim 99, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 



101. The apparatus of daim 98, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemiined value. 

1 02. The apparatus of claim 101, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemiined value. 



103. The apparatus of claim 1 , wherein the expansion device comprises: 

a first expansion device for radially expanding and plastically deforming the 

tubular member coupled to the support member, and 
a second expansion device for radially expanding and plastically deforming the 
tubular member coupled to the support member; 
wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 



104. The apparatus of daim 103, wherein the locking device further comprises: 
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a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

105. The apparatus of daim 104. wherein the locking device further comprises: 

an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

106. The apparatus of claim 105, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

107. The apparatus of claim 104. wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

108. The apparatus of claim 107. wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemnined value. 

1 09. The apparatus of claim 1 , further comprising an actuator for displacing the expansion 
device relative to the support member; 

wherein the expansion device comprises: 

a first expansion device for radially expanding and plastically defonming the 

tubular member coupled to the support member; and 
a second expansion device for radially expanding and plastically deforming the 

tubular member coupled to the support member; 

and 

wherein the actuator comprises: 
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a locking device for locking the position of the tubular member relative to the 
support member. 



1 1 0. The apparatus of claim 109, wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

111. The apparatus of claim 110, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

112. The apparatus of claim 1 1 1 , wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

113. The apparatus of claim 110, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetermined value. 

114. The apparatus of claim 113, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

115. The apparatus of claim 109, wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the Interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 



a plurality of spring elements cx)upled to the housing for biasing coaesponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

116. The apparatus of claim 1 1 5, wherein the locking device further comprises: 

a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

1 1 7. The apparatus of claim 116, wherein the locking device further comprises: 

an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

1 1 8. The apparatus of claim 1 1 7, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

1 1 9. The apparatus of claim 1 1 6, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

120. The apparatus of claim 1 1 9, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

121 . The apparatus of daim 1 , further comprising an actuator for displacing the expansion 
device relative to the support member, 

wherein the expansion device comprises: 



a first expansion device for radially expanding and plastically defomiing the 
tubular member coupled to the support member; and 

a second expansion device for radially expanding and plastically defomiing the 
tubular member coupled to the support member; 
wherein the actuator comprises: 

a first actuator for pulling the expansion device; and 

a second actuator for pushing the expansion device; 

and 

wherein the second actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 



122. The apparatus of claim 121 , wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 



123. The apparatus of claim 122, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 



1 24. The apparatus of claim 1 23. wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 
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125. The apparatus of claim 122, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemnined value. 

1 26. The apparatus of claim 1 25, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 



127. The apparatus of daim 121. wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into conBsponding openings of the housing for 
engaging the interior surface of the expandable tubular memben 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

128. The apparatus of daim 1 27. wherein the lod<ing device further comprises: 

a lodging element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

129. The apparatus of daim 128. wherein the locking device further comprises: 

an actuator coupled to the housing for displadng the loddng element retainer relative to 
the locking elements. 

1 30. The apparatus of daim 129, wherein the actuator comprises: 
a fluid powered actuator for displadng the loddng element retainer relative to the locking 
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elements. 



The apparatus of claim 128. wherein the locking device further comprises: 
a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the lodging elements if a sensed operating condition exceeds 
a predetermined value. 
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The apparatus of claim 131, wherein the sensor comprises: 
a pressure sensor for displadng the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemined value. 



133. The apparatus of claim 1. further comprising a packer coupled to the support member. 



1 34. The apparatus of claim 1 33. wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

135. The apparatus of claim 1 34, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

1 36. The apparatus of claim 1 35, wherein the actuator comprises: 

a fluid powered actuator for displadng the loddng element retainer relative to the locking 
elements. 

137. The apparatus of claim 134, wherein the locking device further comprises: 

a sensor for displadng the lodging element retainer relative to the lodging elements if a 
sensed operating condition exceeds a predetemilned value. 

138. The apparatus of claim 137, wherein the sensor comprises: 

a pressure sensor for displadng the locking element retainer relative to the lodging 
elements if a sensed operating pressure exceeds a predetennined value. 
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The apparatus of claim 1, further comprising a packer coupled to the support memben 
wherein the locking device further comprises: 

a housing defining a plurality of drcumferentially spaced apart openings; 



wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into con-esponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 139, wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements In engagement with the interior surface of the 

expandable tubular member. 

The apparatus of claim 140. wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

The apparatus of claim 141 . wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

The apparatus of claim 140, wherein the locking device further comprises: 
a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 

a predetermined value. 

The apparatus of claim 143, wherein the sensor comprises: 



a pressure sensor for displacing the locking element retainer relative to the lodging 
elements if a sensed operating pressure exceeds a predetermined value. 



145. The apparatus of daim 1, further comprising: 
a packer coupled to the support member; and 

an actuator for displacing the expansion device relative to the support member; 
wherein the actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 

146. The apparatus of claim 145, wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

147. The apparatus of claim 146, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

1 48. The apparatus of claim 1 47, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

149. The apparatus of daim 146, wherein the locking device further comprises: 

a sensor for displadng the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemilned value. 

1 50. The apparatus of claim 1 49, wherein the sensor comprises: 

a pressure sensor for displadng the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetennined value. 

151. The apparatus of claim 145. wherein the locking device further comprises: 



a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or naore locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

1 52. The apparatus of claim 151, wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 

retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

1 53. The apparatus of daim 1 52. wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 

the locking elements. 

154. The apparatus of claim 153, wherein the actuator comprises: 
a fluid powered actuator for displadng the locking element retainer relative to the locking 

elements. 

155. The apparatus of claim 152, wherein the locking device further comprises: 
a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
• • • • ' a predetermined value. 
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1 56. The apparatus of claim 1 55. wherein the sensor comprises: 



a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetennined value. 

157. The apparatus of daim 1 , further com prising: 
a packer coupled to the support member; 

an actuator for displacing the expansion device relative to the support member; 
wherein the actuator comprises: 

a first actuator for pulling the expansion device; and 

a second actuator for pushing the expansion device; 

and 

wherein the second actuator comprises: 

a locking device for locking the position of the tubular member relative to the 
support member. 

158. The apparatus of claim 157, wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

1 59. The apparatus of claim 1 58, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

1 60. The apparatus of claim 1 59, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

161 . The apparatus of claim 1 58, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetermined value. 

162. The apparatus of claim 161 , wherein the sensor comprises: 
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a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 



1 63. The apparatus of daim 1 57. wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of drcumferentially spaced apart k)cklng elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular memben 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

1 64. The apparatus of claim 1 63. wherein the locking device further comprises: 

a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

165. The apparatus of claim 164. wherein the locking device further comprises: 

an aduator coupled to the housing for displadng the locking element retainer relative to 
the locking elements. 

166. The apparatus of claim 1 65, wherein the actuator comprises: 

a fluid powered actuator for displadng the locking element retainer relative to the locking 
elements. 

167. The apparatus of daim 164, wherein the locking device further comprises: 
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a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

168. The apparatus of claim 167, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemriined value. 

169. The apparatus of claim 1 , further comprising: 

a cutting device for cutting the tubular member coupled to the support member; 

a gripping device for gripping the tubular member coupled to the support member; 

a sealing device for sealing an interface with the tubular member coupled to the support 

member; and 
a packer coupled to the support member; 
wherein the expansion device comprises: 

a first adjustable expansion device for radially expanding and plastically 
defomiing the tubular member coupled to the support member; and 

a second adjustable expansion device for radially expanding and plastically 
deforming the tubular member coupled to the support member; 

and 

wherein the apparatus further comprises an actuator for displacing one or more of the 
sealing assembly, first and second adjustable expansion devices, and packer 
relative to the support member. 
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170. The apparatus of claim 169. wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

1 71 . The apparatus of daim 1 70, wherein the locking device further comprises: 



an actuator for displacing the locking element retainer relative to the locking elements. 



1 72. The apparatus of claim 171, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 



1 73. The apparatus of claim 1 70, wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetermined value. 

174. The apparatus of claim 173, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements If a sensed operating pressure exceeds a predetemiined value. 



1 75. The apparatus of daim 1 , further comprising: 

a cutting device for cutting the tubular member coupled to the support memben 

a gripping device for gripping the tubular member coupled to the support member, 

a sealing device for sealing an interface with the tubular member coupled to the support 

member; and 
a packer coupled to the support member; 
wherein the expansion device comprises: 

a first adjustable expansion device for radially expanding and plastically 

defonning the tubular member coupled to the support member; and 
a second adjustable expansion device for radially expanding and plastically 
defonming the tubular member coupled to the support member; 
wherein the apparatus further comprises an actuator for displacing one or more of the 
sealing device, first and second adjustable expansion devices, and packer relative to the 
support member; 

wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 



wherein the one or more locking elements comprise: 

a plurality of circumferentiaily spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

1 76. The apparatus of daim 1 75, wherein the locking device further comprises: 

a locking element retainer releasabiy coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

1 77. The apparatus of claim 1 76. wherein the locking device further comprises; 

an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 

178. The apparatus of claim 177. wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

179. The apparatus of daim 1 76. wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displadng the lodging element 

retainer relative to the lodging elements if a sensed operating condition exceeds 
a predetermined value. 

180. The apparatus of daim 179. wherein the sensor comprises: 



a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemnlned value. 



1 81 . The apparatus of claim 1 . further comprising: 

a cutting device for cutting the tubular member coupled to the support member; 

a gripping device for gripping the tubular member coupled to the support member; 

a sealing device for sealing an interface with the tubular member coupled to the support 

member; and 
a packer coupled to the support member; 
wherein the expansion device comprises: 

a first adjustable expansion device for radially expanding and plastically 

defonning the tubular member coupled to the support member; and 
a second adjustable expansion device for radially expanding and plastically 
defonning the tubular member coupled to the support member; 
wherein the apparatus further comprises an actuator for displacing one or more of the 
sealing device, first and second adjustable expansion devices, and packer relative to the 
support member; and 

wherein the actuator comprises: 

the locking device for locking the position of the tubular member relative to the 
support member. 

182. The apparatus of claim 181 , wherein the locking device further comprises: 

a locking element retainer for retaining the locking elements in engagement with the 
interior surface of the expandable tubular member. 

183. The apparatus of claim 182, wherein the locking device further comprises: 

an actuator for displacing the locking element retainer relative to the locking elements. 

184. The apparatus of claim 183, wherein the actuator comprises: 



a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

1 85. The apparatus of claim 1 82. wherein the locking device further comprises: 

a sensor for displacing the locking element retainer relative to the locking elements if a 
sensed operating condition exceeds a predetemiined value. 

1 86. The apparatus of claim 1 85, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetemnined value. 

187. The apparatus of claim 181 , wherein the locking device further comprises: 

a housing defining a plurality of circumferentially spaced apart openings; 
wherein the one or more locking elements comprise: 

a plurality of circumferentially spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular memben 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the Interior surface of the 
expandable tubular member. 

188. The apparatus of claim 187, wherein the locking device further comprises: 

a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

1 89. The apparatus of claim 1 88, wherein the locking device further comprises: 
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an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 



1 90. The apparatus of claim 1 89, wherein the actuator comprises: 

a fluid powered actuator for displadng the locking element retainer relative to the locking 
elements. 

191 . The apparatus of dalm 188. wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

1 92. The apparatus of claim 1 91 , wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetenmined value. 

193. The apparatus of claim 1 , wherein the locking device further comprises: 

a locking element retainer coupled to the support member for retaining the locking 
elements in engagement with the interior surface of the expandable tubular 
member. 

1 94. The apparatus of claim 1 93. wherein the locking device further comprises: 

an actuator coupled to the support member for displacing the locking element retainer 
relative to the locking elements. 

195. The apparatus of claim 1 94, wherein the actuator comprises: 

a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 

196. The apparatus of claim 1 93. wherein the locking device further comprises: 



a sensor coupled to the support member for displacing the locking element retainer 
relative to the locking elements If a sensed operating condition exceeds a 
predetermined value. 

1 97. The apparatus of claim 1 96, wherein the sensor comprises: 

a pressure sensor for displadng the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetennined value. 

1 98. The apparatus of claim 1 , wherein the locking device further comprises: 
a housing defining a plurality of circumferentlally spaced apart openings; 

wherein the one or more locking elements comprise: 

a plurality of circumferentlally spaced apart locking elements coupled to the 
housing that extend into corresponding openings of the housing for 
engaging the interior surface of the expandable tubular member; 

and 

wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the housing for biasing corresponding 
locking elements out of engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 198. wherein the locking device further comprises: 
a locking element retainer releasably coupled to and positioned within the housing for 
retaining the locking elements in engagement with the interior surface of the 
expandable tubular member. 

The apparatus of claim 199, wherein the locking device further comprises: 
an actuator coupled to the housing for displacing the locking element retainer relative to 
the locking elements. 



199. 
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201. 



The apparatus of daim 200. wherein the actuator comprises: 



a fluid powered actuator for displacing the locking element retainer relative to the locking 
elements. 



202. The apparatus of claim 199, wherein the locking device further comprises: 

a sensor coupled to the locking element retainer for displacing the locking element 

retainer relative to the locking elements if a sensed operating condition exceeds 
a predetermined value. 

203. The apparatus of claim 202, wherein the sensor comprises: 

a pressure sensor for displacing the locking element retainer relative to the locking 
elements if a sensed operating pressure exceeds a predetermined value. 

204. A method of radially expanding and plastically deforming a tubular member, comprising: 
positioning the tubular member within a preexisting structure; 

radially expanding and plastically deforming a lower portion of the tubular member to 

form a bell section; and 
radially expanding and plastically deforming a portion of the tubular member above the 

bell section; 

wherein positioning the tubular member within a preexisting structure comprises: 

locking the tubular member to an expansion device; 
wherein locking the tubular member to an expansion device comprises: 

locking the position of the tubular member relative to a support member and 

wherein the engagement members are biased out of engagement with the 

tubular member. 

205. The method of claim 204, wherein locking the position of the tubular member relative to 
a support member comprises: 

engaging the interior surface of the tubular member at a plurality of circumferentially 
spaced apart locations. 



206. The method of daim 205, wherein engaging the interior surface of the tubular member 
at a plurality of circumferentially spaced apart locations comprises: 

engaging the Interior surface of the tubular member at a plurality of circumferentially 
spaced apart locations using one or more engagement members. 

207. The method of claim 206, wherein the engagement members are biased out of 
engagement with the tubular member by a spring bias force. 

208. The method of claim 204, wherein locking the position of the tubular member relative to 
a support member comprises: 

unlocking the position of the tubular member relative to the support member if an 
operating condition exceeds a predetennined amount. 

209. The method of claim 208, wherein locking the position of the tubular member relative to 
a support member comprises: 

unlocking the position of the tubular member relative to the support member if an 

operating condition within the tubular member exceeds a predetennined amount. 

210. The method of claim 206, wherein locking the position of the tubular member relative to 
a support member comprises: 

releasing the engagement members from engagement with the tubular member relative 
to the support member if an operating condition exceeds a predetennined 
amount. 



211. A system for radially expanding and plastically deforming a tubular member, comprising: 
means for positioning the tubular member within a preexisting structure; 
means for radially expanding and plastically deforming a lower portion of the tubular 

member to form a bell section; and 
means for radially expanding and plastically deforming a portion of the tubular member 
above the bell section; 



wherein means for positioning the tubular member within a preexisting structure 
comprises: 

means for loclting the tubular member to an expansion device; and 
wherein the means for locl<ing the tubular member to an expansion device is 
biased out of engagement with the tubular member. 

212. The system of claim 21 1 . wherein means for locking the position of the tubular member 
relative to a support member comprises: 

means for engaging the interior surface of the tubular member at a plurality of 
circumferentially spaced apart locations. 

213. The system of claim 212. wherein means for engaging the interior surface of the tubular 
member at a plurality of circumferentially spaced apart locations comprises: 

means for engaging the interior surface of the tubular member at a plurality of 
circumferentially spaced apart locations using one or more engagement 
members. 

214. The system of daim 213. wherein the engagement members are biased out of 
engagement with the tubular member by a spring bias force. 

215. The system of daim 211. wherein means for locking the position of the tubular member 
relative to a support member comprises: 

means for unloving the position of the tubular member relative to the support member if 
an operating condition exceeds a predetemiined amount. 

21 6. The system of claim 21 5. wherein means for loddng the position of the tubular member 
', relative to a support member comprises: 

means for unlocking the position of the tubular member relative to the support member if 
an operating condition within the tubular member exceeds a predetermined 
• amount. 



217. The system of claim 213. wherein means for locking the position of the tubular member 
relative to a support member comprises: 

means for releasing the engagement members from engagement with the tubular 
member relative to the support member if an operating condition exceeds a 
predetermined amount. 

21 8. The apparatus of claim 1 , further comprising: 

a cutting device for cutting the tubular member coupled to the support member 
comprising: 

a support member and 

a plurality of movable cutting elements coupled to the support member 

comprising: 

a first set of cutting elements; and 
a second set of cutting elements; 

wherein the first set of cutting elements are interieaved with the second 
set of cutting elements; 
an actuator coupled to the support member for moving the cutting elements 

between a first position and a second position; and 
a sensor coupled to the support member for sensing the internal diameter of the 

tubular member; 

wherein in the first position, the cutting elements do not engage the tubular 
member; 

wherein in the second position, the cutting elements engage the tubular member; 
wherein in the first position, the first set of cutting elements are not axially aligned 

with the second set of cutting elements; 
wherein in the second position, the first set of cutting elements are axially aligned 

with the second set of cutting elements; and 
wherein the sensor prevents the cutting elements from being moved to the 

second position if the internal diameter of the tubular member is less than 

a predetermined value; 



a gripping device for gripping the tubular member coupled to the support member 
comprising: 

a plurality of radially and axially movable gripping elements; and 

a fluid powered actuator coupled to the gripping elements for moving the gripping 
elements between first and second positions: 

wherein in the first position, the gripping elements do not engage the tubular 
memben wherein in the second position, the gripping elements do 
engage the tubular member; wherein, during the movement from the first 
position to the second position, the gripping elements move In a radial 
and an axial direction relative to the support member, and wherein, the 
gripping elements are biased to remain in the first position; and 

wherein, if the tubular member is displaced in a first axial direction, the gripping 
device grips the tubular member; and wherein, if the tubular member is 
displaced in a second axial direction, the gripping device does not grip the 
tubular member; and 

sealing device for sealing an interface with the tubular member coupled to the support 
member; 

wherein the sealing device seals an annulus defined between the support 
member and the tubular member; 
packer assembly coupled to the support member comprising: 
a packer comprising: 

a support member defining a passage; 

a shoe comprising a float valve coupled to an end of the support member; 
one or more compressible packer elements movably coupled to the 

support member; and 
a sliding sleeve valve movably positioned within the passage of the 

support member; and 
a packer control device for controlling the operation of the packer coupled to the 
support member comprising: 
a support member; 



one or more drag blocks releasably coupled to the support member; and 
a stinger coupled to the support member for engaging the packer; and 
an actuator for displacing the expansion device relative to the support member 
comprising: 

a first actuator for pulling the expansion device; 
a second actuator for pushing the expansion device; and 
means for transferring torsional loads between the support member and the 
expansion device; 

wherein at least one of the first and second actuators comprises a plurality of 
pistons positioned within corresponding piston chambers; 
wherein the expansion device comprises: 

one or more adjustable expansion devices, each adjustable expansion device 
comprising: 

a support member; 

a plurality of movable expansion elements coupled to the support member 
comprising: 

a first set of expansion elements; and 
a second set of expansion elements; 

wherein the first set of expansion elements are interteaved with the 
second set of expansion elements; 
an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; and 
a sensor coupled to the support member for sensing the internal diameter of the 

tubular member; 

wherein in the first position, the expansion elements do not engage the tubular 
member; 

wherein in the second position, the expansion elements engage the tubular 
member; 

wherein in the first position, the first set of expansion elements are not axially 
aligned with the second set of expansion elements; 



wherein in the second position, the first set of expansion elements are axially 
aligned with the second set of expansion elements; and 

wherein the sensor prevents the expansion elements from being moved to the 
second position if the intemal diameter of the tubular member is less than 
a predetermined value; 



wherein the one or more locking elements comprise a plurality of circumferentially spaced apart 

locking elements for engaging an interior surface of the tubular member; 
wherein the one or more spring elements comprise a plurality of spring elements for biasing 

con-esponding locking elements out of engagement with the interior surface of the 

tubular member; and 
wherein the locking device further comprises: 

a releasable retaining element for releasably retaining the locking elements in 
engagement with the interior surface of the tubular member; 

an actuator for controllably displacing the retaining element relative to the locking 
elements; and 

a sensor for sensing an operating condition within the tubular member for controllably 



21 9. The apparatus of claim 1 , further comprising: 

a cutting device for cutting the tubular member coupled to the support member 



comprising: 

a support member; and 

a plurality of movable cutting elements coupled to the support member 
comprising: 

a first set of cutting elements; and 
a second set of cutting elements; 

wherein the first set of cutting elements are interieaved with the second 



displacing the retaining element relative to the locking elements. 



set of cutting elements; 




an actuator coupled to the support member for moving the cutting elements 

between a first position and a second position; and 
a sensor coupled to the support member for sensing the internal diameter of the 

tubular member; 

wherein in the first position, the cutting elements do not engage the tubular 
member 

wherein in the second position, the cutting elements engage the tubular member; 
wherein in the first position, the first set of cutting elements are not axially aligned 

with the second set of cutting elements; 
wherein in the second position, the first set of cutting elements are axially aligned 

with the second set of cutting elements; and 
wherein the sensor prevents the cutting elements from being moved to the 

second position if the internal diameter of the tubular member is less than 

a predetermined value; 
a gripping device for gripping the tubular member coupled to the support member 
comprising: 

a plurality of radially and axially movable gripping elements; and 

a fluid powered actuator coupled to the gripping elements for moving the gripping 
elements between first and second positions; 

wherein in the first position, the gripping elements do not engage the tubular 
member; wherein in the second position, the gripping elements do 
engage the tubular member; wherein, during the movement from the first 
position to the second position, the gripping elements move in a radial 
and an axial direction relative to the support member, and wherein, the 
gripping elements are biased to remain in the first position; and 

wherein, if the tubular member is displaced in a first axial direction, the gripping 
device grips the tubular member; and wherein, if the tubular member is 
displaced in a second axial direction, the gripping device does not grip the 
tubular member; and 



a sealing device for sealing an interface with the tubular member coupled to the support 
member; 

wherein the sealing device seals an annulus defined between the support 

member and the tubular member; 
a packer assembly coupled to the support member comprising: 
a packer comprising: 

a support member defining a passage; 

a shoe comprising a float valve coupled to an end of the support member; 
one or more compressible packer elements movably coupled to the 

support member; and 
a sliding sleeve valve movably positioned within the passage of the 

support member; and 
a packer control device for controliing the operation of the packer coupled to the 
support member comprising: 
a support member; 

one or more drag blocks releasably coupled to the support member; and 
a stinger coupled to the support member for engaging the packer; 
wherein the expansion device comprises: 

a first adjustable expansion device for radially expanding and plastically defomiing the 
tubular member coupled to the support member comprising: 
one or more adjustable expansion devices, each adjustable expansion device 
comprising: 

a support member; 

a plurality of movable expansion elements coupled to the support 
member comprising: 
a first set of expansion elements; and 
a second set of expansion elements; 

wherein the first set of expansion elements are interieaved with 
the second set of expansion elements; 



an actuator coupled to the support member for moving the expansion 
elements between a first position and a second position; and 

a sensor coupled to the support member for sensing the internal diameter 
of the tubular member; 

wherein in the first position, the expansion elements do not engage the 
tubular member; 

wherein In the second position, the expansion elements engage the 
tubular member; 

wherein in the first position, the first set of expansion elements are not 

axially aligned with the second set of expansion elements; 
wherein in the second position, the first set of expansion elements are 

axially aligned with the second set of expansion elements; and 
wherein the sensor prevents the expansion elements from being moved 

to the second position if the internal diameter of the tubular 

member is less than a predetermined value; 

and 

a second adjustable expansion device for radially expanding and plastically defomiing 
the tubular member coupled to the support member comprising: 
one or more adjustable expansion devices, each adjustable expansion device 
comprising: 

a support member; 

a plurality of movable expansion elements coupled to the support 
member comprising: 
a first set of expansion elements; and 
a second set of expansion elements; 

wherein the first set of expansion elements are interieaved with 
the second set of expansion elements; 
an actuator coupled to the support member for moving the expansion 
elements between a first position and a second position; and 



a sensor coupled to the support member for sensing the internal diameter 

of the tubular member; 
wherein In the first position, the expansion elements do not engage the 

tubular member; 

wherein in the second position, the expansion elements engage the 
tubular member; 

wherein in the first position, the first set of expansion elements are not 

axially aligned with the second set of expansion elements; 
wherein in the second position, the first set of expansion elements are 
axially aligned with the second set of expansion elements; and 
wherein the sensor prevents the expansion elements from being moved 
to the second position if the Internal diameter of the tubular 
member is less than a predetemnined value; 
wherein the apparatus further comprises: 

an actuator for displacing the first and second adjustable expansion devices relative to 
the support member comprising: 

a first actuator for pulling the first and second expansion device; 
a second actuator for pushing the first and second expansion 
devices; and 

means for transferring torsional loads between the support member and the first 

and second adjustable expansion devices; 
wherein at least one of the first and second actuators comprises a plurality of 
pistons positioned within corresponding piston chambers; 
wherein the one or more locking elements comprise a plurality of circumferentially spaced apart 
locking elements for engaging an interior surface of the tubular member; 
wherein the one or more spring elements comprise a plurality of spring elements for biasing 
corresponding locking elements out of engagement with the interior surface of the 
tubular member; and 
wherein the locking device further comprises: 
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a releasable retaining element for releasably retaining the locking elements in 
engagement with the interior surface of the tubular member; 

an actuator for controllably displacing the retaining element relative to the locking 
elements; and 

a sensor for sensing an operating condition within the tubular member for controllably 
displacing the retaining element relative to the locking elements. 

220. The method of daim 204, wherein positioning the tubular member within a preexisting 
structure comprises: 

positioning the tubular member within a preexisting structure comprising a 
preexisting tubular member; 
wherein the expansion device comprises one or more adjustable expansion devices; 
wherein the method further comprises: 

positioning the one or more adjustable expansion devices within the tubular 
member; 

wherein locking the tubular member to the expansion device comprises: 

locking the tubular member to the one or more adjustable expansion devices; 

wherein radially expanding and plastically deforming a lower portion of the tubular 
member to form a bell section comprises: 

lowering one or more of the adjustable expansion devices out of an end of the 
tubular member; 

adjusting the size of one or more of the adjustable expansion devices; and 
pulling one or more of the adjustable expansion devices through the end of the 
tubular member comprising: 
gripping the tubular member comprising: 

permitting axial displacement of the tubular member in a first 
direction; and 

not permitting axial displacement of the tubular member in a 
second direction; and 



pulling one or more of the adjustable expansion devices through an end 
of the tubular member; 
wherein radially expanding and plastically deforming a portion of the tubular member 
above the bell section comprises: 

lowering one or more of the adjustable expansion devices out of an end of the 
tubular member; 

adjusting the size of one or more of the adjustable expansion devices; and 
pulling one or more of the adjustable expansion devices through the end of the 
tubular member comprising 
gripping the tubular member comprising: 

penmittlng axial displacement of the tubular member in a first 
direction; and 

not pemiitting axial displacement of the tubular member in a 
second direction; and 
pulling one or more of the adjustable expansion devices through an end 
of the tubular member comprising: 

pressurizing an annulus defined within the tubular member; and 
pulling one or more of the adjustable expansion devices through 

an end of the tubular member using the pressurized 

annulus; 

wherein the method further comprises: 

cutting an end of the portion of the tubular member that overiaps with the 

preexisting tubular member; and 
removing the cut off end of the expandable tubular member from the preexisting 

structure. 

and 

wherein locking the tubular member to the one or more adjustable expansion devices 
comprises: 

locking the position of the tubular member relative to a support member. 



221 . The method of claim 220. wherein locking the position of the tubular member relative to 
a support member comprises: 

engaging the interior surface of the tubular member at a plurality of circumferentially 
spaced apart locations. 

222. The method of claim 221 , wherein engaging the interior surface of the tubular member 
at a plurality of circumferentially spaced apart locations comprises: 

engaging the interior surface of the tubular member at a plurality of circumferentially 
spaced apart locations using one or more engagement members. 

223. The method of daim 222, wherein the engagement members are biased out of 
engagement with the tubular member. 

224. The method of claim 220. wherein locking the position of the tubular member relative to 
a support member comprises: 

unlocking the position of the tubular member relative to the support member if an 
operating condition exceeds a predetermined amount. 

225. The method of daim 224. wherein locking the position of the tubular member relative to 
a support member comprises: 

unlocking the position of the tubular member relative to the support member if an 

operating condition within the tubular member exceeds a predetermined amount. 

226. The method of daim 222, wherein locking the position of the tubular member relative to 
a support member comprises: 

releasing the engagement members from engagement with the tubular member relative 
to the support member if an operating condition exceeds a predetermined 
amount. 



227. 



The apparatus of claim 1. wherein the one or more locking elements comprise: 



a plurality of circumferentially spaced apart locking elements coupled to the support 

mennber for engaging an interior surface of the tubular member; 
wherein the one or more spring elements comprise: 

a plurality of spring elements coupled to the support member for biasing 
corresponding locking elements out of engagement with the interior 
surface of the tubular member; 

and 

wherein the locking device further comprises: 

a releasable retaining element releasably coupled to the support member for 

releasably retaining the locking elements in engagement with the interior 

surface of the tubular member; 
an actuator coupled to the support member for controllably displacing the 

retaining element relative to the locking elements; and 
a sensor coupled to the support member for sensing an operating condition 

within the tubular member for controllably displacing the retaining element 

relative to the locking elements. 

228. The method of claim 204. wherein locking the position of the tubular member relative to 
a support member comprises: 

engaging the interior surface of the tubular member at a plurality of circumferentially 
spaced apart locations using one or more engagement members; and 

disengaging the engagement members from the interior surface of the tubular member if 
an operating condition within the tubular member exceeds a predetennined 
amount; 

wherein the engagement members are biased out of engagement with the tubular 
member. 

229. The system of claim 211, wherein means for locking the position of the tubular member 
relative to a support member comprises: 

iSi 



means for engaging the interior surface of the tubular member at a plurality of 
circumferentially spaced apart locations using one or more engagement 
members; and 

means for disengaging the engagement members from the interior surface of the tubular 
member if an operating condition within the tubular member exceeds a 
predetermined amount; 

wherein the engagement members are biased out of engagement with the tubular 
member. 
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